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PROBLEM TO BE SOLVED: To increase the amount of energy of a lithium 
secondary battery and prolong the cycle life of the battery. 

SOLUTION: A nonaqueous secondary battery is constituted with a positive 
electrode having a positive active material of a transition metal oxide, capable of 
inserting/releasing lithium, a negative electrode having a negative electrode 
material, and a nonaqueous electrolyte, the negative electrode material is a solid 
of a compound containing a silicon atom capable of inserting/releasing lithium, 
and the solid has a plurality of materials covering it. 
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CLAIMS 



[Claim(s)] 



[Claim 1] The nonaqueous rechargeable battery which is the solid-state of the 
compound with which this negative-electrode ingredient contains the silicon 
atom in which insertion emission of a lithium is possible, and is characterized by 
having covering which this solid-state becomes from two or more ingredients in 
the nonaqueous rechargeable battery which uses as a component the positive 
electrode which has the positive active material which is the transition-metals 
oxide in which insertion emission of a lithium is possible, the negative electrode 
which has a negative-electrode ingredient, and nonaqueous electrolyte. 
[Claim 2] The nonaqueous rechargeable battery according to claim 1 
characterized by this silicon compound being a compound to which metallic 
coating and ceramic coating to a front face of silicon were given at coincidence. 
[Claim 3] A nonaqueous rechargeable battery given in the claim terms 1 or 2 
characterized by this silicon compound being a compound to which metallic 
coating and thermoplastics ****** to a front face of silicon were given at 
coincidence. 

[Claim 4] The nonaqueous rechargeable battery according to claim 1 to 3 
characterized by this silicon compound being a compound to which metallic 
coating to the front face of silicon, ceramic coating, and thermoplastics covering 
were given at coincidence. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the long lithium secondary 
battery of a cycle life by the nonaqueous rechargeable battery, especially high 
capacity. 
[0002] 

[Description of the Prior Art] The lithium contained in positive active material is 
first inserted in a negative-electrode ingredient, and the activity of a 
negative-electrode ingredient is raised in the lithium secondary battery using the 
positive active material containing the negative-electrode ingredient which does 
not contain a lithium metal, and a lithium. This is a charge reaction and the 
reaction for which a lithium ion is made to insert in positive active material from 
the reverse negative-electrode ingredient is a discharge reaction. Carbon is 
used as this type of a lithium cell negative-electrode ingredient. The geometric 
capacity of carbon (C6Li) is 372 mAh/g, and further high capacity 
negative-electrode ingredient is desired. On the other hand, the geometric 
capacity of the silicon which forms a lithium and an intermetallic compound 



surpasses 4000 mAh/g, and it is known well that it is larger than that of carbon. 
For example, the silicon of a single crystal is indicated in JP,5-74463,A, and 
amorphous silicon is indicated in JP,7-29602,A. moreover, the example which 
contains silicon in a Li-aluminum alloy with the alloy containing silicon -- 
JP,63-66369,A (silicon is 19 % of the weight) - said -- 63-174275 (silicon is 0.05 
- 1.0 % of the weight) -- said -- it is indicated by 63-285865 (silicon is 1 - 5 % of 
the weight). However, since each of such alloy patent application made the 
lithium the subject, the compound which does not contain a lithium was used for 
positive active material. Moreover, in JP,4-109562,A, 0.05 - 1.0% of the weight 
of the alloy is indicated for silicon. In JP,62-226563,A, the approach of mixing a 
lithium, the metal in which an alloy is possible, and graphite powder is indicated. 
However, it has come to use by all being inferior in a cycle life. As a reason 
which is inferior in the cycle life of silicon, the volume expands by that the 
electronic conduction nature is low and lithium insertion, and it is guessed that 
pulverization of the particle is carried out. 

[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to 
raise the amount of energy of a lithium secondary battery, and raise a cycle life. 
[0004] 

[Means for Solving the Problem] The technical problem of this invention is the 



solid-state of the compound with which this negative-electrode ingredient 
contains the silicon atom in which insertion emission of a lithium is possible, and 
was able to solve in the nonaqueous rechargeable battery which uses as a 
component the positive electrode which has the positive active material which is 
the transition-metals oxide in which insertion emission of a lithium is possible, 
the negative electrode which has a negative-electrode ingredient, and 
nonaqueous electrolyte with the nonaqueous rechargeable battery characterized 
by to have covering which this solid-state becomes from two or more ingredients. 
[0005] 

[Embodiment of the Invention] Although the mode of this invention is explained 
below, this invention is not limited to these. 

(1) The nonaqueous rechargeable battery which is the solid-state of the 
compound with which this negative-electrode ingredient contains the silicon 
atom in which insertion emission of a lithium is possible, and is characterized by 
having covering which this solid-state becomes from two or more ingredients in 
the nonaqueous rechargeable battery which uses as a component the positive 
electrode which has the positive active material which is the transition-metals 
oxide in which insertion emission of a lithium is possible, the negative electrode 
which has a negative-electrode ingredient, and nonaqueous electrolyte. 

(2) The water rechargeable battery whose compound containing the silicon of a 



term (1) is a compound with which metallic coating and ceramic coating to a front 
face of silicon were given to coincidence. 

(3) The nonaqueous rechargeable battery whose compound containing the 
silicon of a term (1) is a compound to which metallic coating to the front face of 
silicon and thermoplastics covering were given at coincidence. 

(4) The nonaqueous rechargeable battery whose compound containing the 
silicon of a term (1) is a compound to which metallic coating to the front face of 
silicon, ceramic coating, and thermoplastics covering were given at coincidence. 

(5) The nonaqueous rechargeable battery whose average grain size of the 
compound containing the silicon of a term (1) is 0.01-50 micrometers. 

(6) Term (1) Nonaqueous rechargeable battery whose silicon with which - (4) is 
covered is a silicon simple substance and/or an alloy. 

(7) The silicon simple substance of a term (6) is a single crystal, polycrystal, and 
an amorphous nonaqueous rechargeable battery. 

(8) Term (1) Nonaqueous rechargeable battery whose silicon with which - (4) is 
covered is an alloy. 

(9) The nonaqueous rechargeable battery whose at least one sort of metals 
other than silicon is alkaline earth metal, transition metals, and semimetal in the 
alloy of a term (8). 

(10) The nonaqueous rechargeable battery whose at least one sort of a term (8) 



or the metal of (9) is germanium, Be, Ag, aluminum, Au, Cd, Ga, In, Sb, Sn, and 
Zn. 

(11) The nonaqueous rechargeable battery which contains at least one sort 
further chosen from Mg, Fe, nickel, Co, Ti, Mo, and W in a term (10). 

(12) The nonaqueous rechargeable battery whose rate of an atomic ratio to the 
silicon of the metal indicated by the term (11) is 20% or less exceeding 0. 

(13) Term (8) Nonaqueous rechargeable battery whose rate of an atomic ratio of 
this metal to silicon given in - (12) is 5 - 90%. 

(14) Term (8) Nonaqueous rechargeable battery with which the alloy of a 
publication calcinates to - (13), and is obtained. 

(15) The nonaqueous rechargeable battery whose burning temperature is 1000 
degrees C or more and 1800 degrees C or less in a term (14). 

(16) The nonaqueous rechargeable battery whose cooling temperature after 
baking of an alloy is above by 10-degree-C/in a term (14) or (15). 

(17) Term (1) Nonaqueous rechargeable battery whose silicon given in - (4) is 
silicon which removed the metal from the metal silicide. 

(18) The nonaqueous rechargeable battery whose metal silicide given in a term 
(17) is a lithium silicide. 

(19) The lithium content of a lithium silicide given in a term (18) is a nonaqueous 
rechargeable battery which is 100 - 420 atom % to silicon. 



(20) The nonaqueous rechargeable battery which is the silicon from which the 
lithium was removed by processing a lithium silicon ghost in the alcohol which 
the silicon of a publication dehydrated in the term (17). 

(21) Term (2) The manufacture approach of a nonaqueous rechargeable battery 
that the approach of covering to coincidence given in - (4) makes the plating 
liquid of a nonelectrolytic plating method distribute a ceramic or thermoplastics. 

(22) The nonaqueous rechargeable battery whose metal with which a term (21) 
is covered is at least one sort of nickel, Cu, Ag, Co, Fe, Cr, W, Ti, Au, Pt, Pd, Sn, 
and Zn. 

(23) The nonaqueous rechargeable battery whose metal with which a term (21) 
and (22) are covered is at least one sort of nickel, Cu, and Ag. 

(24) Term (21) Nonaqueous rechargeable battery which is 3 or more times of the 
specific conductance of the silicon compound with which the specific 
conductance of the silicon compound covered with the metal of - (23) is not 
covered. 

(25) Term (21) Nonaqueous rechargeable battery whose amount of covering of 
the metal of - (24) is 1 - 80 atom % to silicon. 

(26) The nonaqueous rechargeable battery which is at least one sort by which 
the ceramic of a publication is chosen as a term (2) or (4) from aluminum 203, 
Si02, Ti02 and SiC, and Si3N4. (27) The nonaqueous rechargeable battery 



whose ceramic given in a term (26) is Si02. 

(28) Si02 [ given in a term (27) ] is a nonaqueous rechargeable battery which is 
Si02 of colloid. 

(29) Term (26) The weight ratio of this ceramic to silicon given in - (28) is a 
nonaqueous rechargeable battery which is 2 50%. 

(30) Term (26) The manufacture approach of a nonaqueous rechargeable 
battery that the method of making this ceramic adhere to the silicon of a 
publication includes the process heated below 300 degrees C or more 1600 
degrees C in - (29). 

(31) The nonaqueous rechargeable battery a term (3) and whose thermoplastics 
of (4) are at least one sort as which it is chosen out of polyvinylidene fluoride and 
polytetrafluoroethylene. 

(32) The nonaqueous rechargeable battery whose weight ratio of thermoplastics 
to the silicon of a term (31) is 2 - 30%. 

(33) The nonaqueous rechargeable battery whose coverage of a term (31) and 
the thermoplastics of (32) is 5 - 95%. 

(34) The nonaqueous rechargeable battery with which carbon lives together 5 to 
1900% by the weight ratio to the silicon compound of a term (1). 

(35) The nonaqueous rechargeable battery with which carbon lives together 5 to 
400% by the weight ratio to the silicon compound of a term (1). 



(36) The nonaqueous rechargeable battery a term (34) and whose carbon of 
(35) are scale-like natural graphites. 

(37) The nonaqueous rechargeable battery whose x is within the limits of 0 to 4.2 
as equivalent ratio of the lithium in which the charge-and-discharge range of the 
silicon compound of a term (1) carries out insertion emission at silicon when 
expressed with Lix Si. 

(38) The nonaqueous rechargeable battery whose x is within the limits of 0 to 3.7 
when the charge-and-discharge range of the silicon compound of a term (1) 
expresses with Lix Si. 

(39) The nonaqueous rechargeable battery which stopped charge of the silicon 
compound of a term (1) in 0.1% or more of 1 hour rate current, and 10% or less 
of range. 

(40) The nonaqueous rechargeable battery which charge given in a term (39) 
ended within 10 hours 15 minutes or more. 

(41) The positive active material of a term (1) is a nonaqueous rechargeable 
battery using at least one sort of the ingredient containing LiyM02 (at least one 
sort of M=Co, and nickel, Fe and Mn y=0-1.2), or the ingredient which has the 
Spinel structure expressed with LizN 204 (N=Mn z=0-2). 

(42) The positive active material of a term (41) is LiyMaD1-a 02 (M=Co). At least 
one sort of nickel, Fe, and Mn, D=Co, nickel, Fe, Mn, aluminum, Zn, Cu, Mo, Ag, 



W, Ga, In, Sn, Pb, Sb, At least one sort other than M in Sr, B, and P, y=0-1 .2, the 
ingredient containing a=0.5-1, or Liz (NbE1-b) 204 (N=Mn, E=Co, and nickel --) 
At least one sort of Fe, aluminum, Zn, Cu, Mo, Ag, W, Ga, In, Sn, Pb, Sb, Sr, B, 
and P, b=0.2-1, the nonaqueous rechargeable battery using at least one sort of 
an ingredient which has the Spinel structure expressed with z=0-2. 
(43) Term (2) Nonaqueous rechargeable battery whose average grain size of the 
silicon used by - (42) is 0.01-50 micrometers. 
(43) Term (2) Nonaqueous rechargeable battery whose average grain size of the 
silicon used by - (42) is 0.05-5 micrometers. 
[0006] the positive electrode (or negative electrode) used by this invention — a 
positive electrode — on a charge collector, a mixture (or a negative electrode 
mixture) can be painted and fabricated, and can be made, a positive electrode -- 
an others and electric conduction agent, a binder, a dispersant, a filler, an ion 
electric conduction agent, a pressure enhancement agent, and various additives 
can be included in a mixture (or a negative electrode mixture). [ positive active 
material / (or negative-electrode ingredient) ] Although these electrodes may be 
discoid and tabular, it is desirable to have the shape of a supple sheet. 
[0007] The configuration and ingredient of this invention are explained in full 
detail below. The compound containing the silicon atom which can carry out 
insertion emission of the lithium used with the negative-electrode ingredient of 



this invention means a silicon simple substance, a silicon alloy, and a silicide. A 
single crystal, polycrystal, and amorphous all can be used as a silicon compound. 
The purity of a simple substance has 85 desirable % of the weight or more, and 
its 95 % of the weight or more is especially desirable. Furthermore, especially 
99 % of the weight or more is desirable. As an impurity, Fe, aluminum, calcium, 
Mn, Mg, nickel, Cr, etc. are mainly contained. Those contents are 0 - 0.5 % of 
the weight. The average grain size of a ** silicon compound has desirable 
0.01-50 micrometers. Especially, 0.02-30 micrometers is desirable. Furthermore, 
0.05-5 micrometers is desirable. Moreover, being covered by the silicon dioxide 
is known well and the front face of silicon is considered to also carry out the duty 
of an ion conductivity coat. 

[0008] Since a silicon alloy controls the pulverization by expansion contraction of 
the silicon produced when insertion emission of the lithium is carried out or 
improves the conductive lowness of silicon, it is thought that it is effective. As an 
alloy, an alloy with alkaline earth metal, transition metals, or semimetal is 
desirable. Especially, a dissolution nature alloy and an eutectic nature alloy are 
desirable. A dissolution nature alloy says the alloy which forms the solid solution. 
For example, the alloy of germanium is a dissolution nature alloy. Although 
eutectic of the eutectic nature alloy is carried out to silicon at any rate, the 
solid-state cooled and obtained says the alloy which is the mixture of silicon and 



a metal. Be, Ag, aluminum, Au, Cd, Ga, In, Sb, Sn, and Zn form an eutectic 
nature alloy. In these, the alloy of germanium, Be, Ag, aluminum, Au, Cd, Ga, In, 
Sb, Sn, and Zn is still more desirable. Moreover, two or more sorts of these 
alloys are also desirable. The alloy which contains germanium, Ag, aluminum, 
Cd, In, Sb, Sn, and Zn especially is desirable. The mixed ratio of these alloys 
has 5-90 desirable % of the weight to silicon. Especially, 1 0 - 80 % of the weight 
is desirable. Furthermore, especially 20 - 60 % of the weight is desirable. . 
Moreover, other Mg of an eutectic nature alloy, and Fe, Co, nickel, Ti, Mo and W 
may also be included. As a content of these metals, 0-20 % of the weight is 
desirable. Especially the mixed ratio of metals other than silicon is not limited. In 
this case, although electrical conductivity improves, it is desirable the cell engine 
performance and that specific conductance becomes 10 or more times of the 
specific conductance of the silicon in front of an alloy or a silicon compound in 
respect of discharge capacity, a high rate property, and a cycle life especially. 
[0009] The calcinating method and the mechanical milling method are used as a 
synthesis method of an alloy. As a calcinating method, the metal of a raw 
material is mixed, it is moved to a crucible, a temperature up is carried out with 
the programming rate of 5-100 degrees C / min in inert gas, as constant 
temperature, preferably, it is kept especially desirable at 1300-1700 degrees C 
for 30 minutes to 5 hours for 10 minutes to 24 hours, and 1000-1800 degrees C 



cools at the above temperature fall rate by 10-degree-C/especially. Cooling 
above by 100-degree-C/especially is desirable. As inert gas, it is desirable 
whether it is independent in gas, such as an argon, nitrogen, and hydrogen, and 
that it mixes and uses. Annealing is desirable after cooling. As annealing 
conditions, within the limits of the temperature which 200 degrees C - some 
alloys do not fuse is desirable in inert gas. 
[0010] overly detailed [ using grinders, such as a ball mill, a planet ball mill, and a 
vibration mill, as a mechanical milling method ] in two or more metals -- ** ~ the 
approach of carrying out until grinding is used. As for the inside of the eel of a 
mill, it is desirable to fill with inert gas, an inactive liquid, a reducibility gas, and a 
reducibility liquid. As inert gas, it is desirable whether it is independent in gas, 
such as an argon, nitrogen, and hydrogen, and that it mixes and uses. Water, 
alcohol, etc. which ****** e d are used as an inactive liquid. Ammonia, a sulfur 
dioxide, etc. are used as a reducibility gas. As a reducibility liquid, the water 
solution and dimethyl sulfoxide solution containing a sodium sulfite, a sodium 
thiosulfate, a hydroxylamine, a hydroquinone, etc. can be used. Especially the 
thing that inert gas grinds is desirable. Milling time amount has 1 hour - 48 
desirable hours. 
[0011] The average grain size of an alloy has desirable 0.01-40 micrometers. 
0.02-20 micrometers is desirable especially, and especially further 0.03-5 



micrometers are desirable. As the grinding approach, a vibration mill, a ball mill, 
a planet ball mill, a jet mill, and an automatic mortar are used. Grinding time 
amount has 1 minute - 1 desirable hour. The approach which stated the ambient 
atmosphere of grinding by the term of mechanical milling is used. 
[0012] A silicide says the compound of silicon and a metal. As a silicide, CaSi, 
CaSi2, Mg2Si, BaSi2 and SrSi2, Cu5Si, It MnSi(s). FeSi, and FeSi2, CoSi2 and 
nickel2 -- Si and NiSi2 -- MnSi2, MoSi2, CrSi2, TiSi2, Ti5Si3, Cr3Si, It ErSi(s). 
NbSi2, NdSi2, CeSi2, SmSi2, DySi2, ZrSi2, WSi2, and W5 -- Si3, TaSi2, Ta5Si3, 
and TmSi2, TbSi2, YbSi2, YSi2 and YSi2 -- ErSi2, GdSi2, PtSi, V3Si, VSi2 and 
HfSi2, PdSi, PrSi2, HoSi2 and EuSi2, LaSi, RuSi, ReSi, RhSi, etc. are used. 
[0013] It is desirable to use the silicon which removed the metal from the metal 
silicide as this silicon compound. As a configuration of this silicon, a thing porous 
by the particle 1 micrometer or less and the thing which the minute particle 
condensed and formed the porous aggregated particle can be raised. It is 
thought as a reason a cycle life will be improved if this silicon is used that 
pulverization is hard to be carried out. As for the metal of this metal silicide, it is 
desirable that they are alkali metal and alkaline earth metal. Especially, it is 
desirable that they are Li, calcium, and Mg. Especially, Li is desirable. As for the 
average grain size of this metal silicide, it is desirable that it is 0.01-300 
micrometers, its 0.01-50 micrometers are more desirable, and its 0.01-10 



micrometers are the most desirable. 100-420-mol% of the lithium content of this 
lithium silicide is desirable to silicon. Especially, 200-420-mol % is desirable. As 
for the approach of removing alkali metal and alkaline earth metal from the 
silicide of alkali metal or alkaline earth metal, it is desirable to make it process 
with alkali metal, alkaline earth metal, and the solvent that reacts. As a solvent, 
water and alcohols are desirable. It is desirable that using the alcohols which 
deaerated in the case of the lithium silicide, and were dehydrated can control 
oxidation of the silicon under reaction, as extent of dehydration -- survival -- 
1000 ppm or less of amount of water are desirable, 200 ppm or less are 
desirable, and 50 ppm or less are the most desirable. As the approach of 
degassing and dehydration, carrying out bubbling with inert gas, such as an 
argon, is mentioned, making this alcohol return. As a class of alcohol, methyl 
alcohol, ethyl alcohol, 1 -propyl alcohol, 2-propyl alcohol, 1 -butyl alcohol, 
sec-butylalcohol, t-butyl alcohol, 1-pentyl alcohol, 2-pentyl alcohol, and 3-pentyl 
alcohol are desirable. Especially, 1 -propyl alcohol, 2-propyl alcohol, 1 -butyl 
alcohol, sec-butylalcohol, and t-butyl alcohol are desirable. Removal of calcium 
or Mg has desirable water. It is still more desirable when a buffer for pH which is 
maintained near neutrality is used. Especially although what is necessary is just 
more than the reaction equivalent as an amount of solvents, about 10 times are 
desirable. Although especially a limit does not have reaction temperature, in 



order to advance homogeneity, it is desirable in a reaction mild and that it is 
below a room temperature. 

[0014] Washing is desirable after taking out the residual silicon powder after 
reaction termination by filtration or the decantation. As a penetrant remover, the 
above-mentioned water and alcohols are desirable. Thus, as for the amount of 
metal survival of the obtained powder, it is desirable that it is 1 or less % of the 
weight, and it is more desirable that it is 0.1 or less % of the weight. In order to 
lessen the amount of metal survival, it is desirable to make grain size of the 
silicide of reaction time small. Specifically 0.01-300 micrometers is desirable, 
0.01-50 micrometers is more desirable, and 0.01-10 micrometers is the most 
desirable. After grinding the powder obtained after reaction termination as other 
approaches and making grain size small, supplying to a reaction solvent again is 
also desirable. Moreover, it is also desirable to repeat the aforementioned 
grinding and a reaction if needed. Thus, it is desirable that the after-mentioned 
carries out metallic coating of the obtained silicon powder at the point that 
discharge capacity and a cycle life are further improvable. 
[0015] As a metal, a ceramic,/, and an approach of already covering 
thermoplastics to coincidence, the plating liquid of a nonelectrolytic plating 
method can be made to be able to distribute a ceramic and/or thermoplastics to 
the silicon of this invention, and it can obtain by adding a silicon solid-state in the 



plating liquid to it. A nonelectrolytic plating method is a volume on 
"nonelectrolytic plating foundation and application" electroplating study group. It 
is indicated by **************** (1994). The reducing agent has phosphinate, 
phosphonate, a boron hydride ghost, aldehydes, a saccharide, amines, and a 
desirable metal salt. Phosphinic acid hydrogen sodium, phosphonic acid 
hydrogen sodium, a sodium borohydride, dimethylamine borane, formaldehyde, 
sucrose, a dextrin, a hydroxylamine, a hydrazine, an ascorbic acid, and a 
titanium chloride are desirable. It is desirable to include the pH regulator and 
complexing agent other than a reducing agent in plating liquid. The compound 
indicated above "a nonelectrolytic plating foundation and application" also about 
these is used. The plating liquid presentation is also indicated by the 
above-mentioned book. As for the concentration of a reducing agent, per 
[ 10-500g ] 11. of water are desirable. Although especially pH of plating liquid is 
not limited, 4-13 are desirable. For the temperature of liquid, although 10 
degrees C - 100 degrees C are desirable, 20 degrees C - 95 degrees C are this 
better ** especially. It is SnCI2 besides a plating bath. The activation bath which 
consists of a hydrochloric-acid water solution, and PdCI2 The nucleation bath 
which consists of a hydrochloric-acid water solution is used, or a filtration 
process, a rinsing process, a grinding process, and a desiccation process are 
used further. 



[0016] moreover -- as the gestalt of the silicon covered -- both the shape of fine 
particles massive tabular, etc. ~ although ~ it is used. Although the metal 
covered is good anything if it is a conductive high metal, nickel, Cu, Ag, Co, Fe, 
Cr, W, Ti, Au, Pt, Pd, Sn, and Zn are desirable especially, nickel, Cu, Ag, Co, Fe, 
Cr, Au, Pt, Pd, Sn, and Zn are desirable especially, and nickel, Cu, Ag, Pd, Sn, 
and especially Zn are still more desirable. Although especially the amount of 
metals covered does not have limitation, it is desirable to cover so that specific 
conductance may become 3 or more times of the specific conductance of the 
silicon compound which is a base. Especially the metaled amount of covering 
has 1-50 desirable % of the weight one to 80% of the weight to silicon, and 
especially its further 1 - 30 % of the weight is desirable. 
[0017] It is thought that the ceramic which silicon is made to cover is effective in 
control of the pulverization of silicon. As a ceramic, a lithium and the compound 
which does not react in principle are desirable. Especially, aluminum 203, Si02, 
Ti02 and SiC, and Si3N4 are desirable. Although it is desirable to perform 
heating in 300 degrees C - 1600 degrees C in inert gas after covering with a 
nonelectrolytic plating method, 500 degrees C - especially 1300 degrees C 
especially are still more desirable 400 degrees C - 1500 degrees C. 0.5 - 24 
hours of heating time are desirable. As for inert gas, an argon, nitrogen, and 
hydrogen are raised. These mixed gas is also used. The approach by which the 



grinding method was learned with a ball mill, the vibration mill, the planet ball mill, 
the jet mill, the sufficient automatic mortar, etc. is used. Although the 
environment which also stated this grinding by mechanical milling is desirable, it 
is desirable to be especially carried out in inert gas. Although the mixing ratio of 
the ceramics to silicon has 2 - 50% of the weight of the desirable range, 3 - 40% 
is especially desirable. The average grain size for which it asked from electron 
microscope observation of silicon has desirable 0.01-40 micrometers. 0.5-20 
micrometers is desirable especially, and 1-10 micrometers is still more desirable. 
[0018] As for the thermoplastics used by this invention, a fluorine-containing high 
molecular compound, an imide system giant molecule, a vinyl system giant 
molecule, an acrylate system giant molecule, an ester system giant molecule, a 
polyacrylonitrile, etc. are used. Especially thermoplastics has desirable resin 
which is hard to swell in the electrolytic solution. As an example, polyacrylic acid, 
polyacrylic acid Na, a polyvinyl phenol, Polyvinyl methyl ether, polyvinyl alcohol, 
a polyvinyl pyrrolidone, Water-soluble polymers, such as polyacrylamide, 
PORIHIDOROKISHI (meta) acrylate, and a styrene-maleic-acid copolymer, 
Polyvinyl chloride, poly tetrapod FURURORO ethylene, polyvinylidene fluoride, 
A tetrafluoroethylene-hexafluoropropylene copolymer, a vinylidene 
fluoride-tetrafluoroethylene-hexafluoropropylene copolymer, Polyethylene, 
polypropylene, an ethylene-propylene-diene terpolymer (EPDM), Sulfonation 



EPDM, polyvinyl-acetal resin, a methylmetaacrylate, The acrylic ester (meta) 
copolymer containing acrylic ester (meta), such as 2-ethylhexyl acrylate, The 
polyvinyl ester copolymer containing vinyl ester, such as an acrylic 
ester-acrylonitrile copolymer and vinyl acetate, (Meta) A styrene-butadiene 
copolymer, an acrylonitrile-butadiene copolymer, Polybutadiene, neoprene 
rubber, a fluororubber, polyethylene oxide, An emulsion (latex) or suspension, 
such as polyester polyurethane resin, polyether polyurethane resin, 
polycarbonate polyurethane resin, polyester resin, phenol resin, and an epoxy 
resin, can be mentioned. The latex of a polyacrylic ester system, a 
carboxymethyl cellulose, polytetrafluoroethylene, and polyvinylidene fluoride are 
mentioned especially, these compounds are independent — or it can mix and use. 
In these compounds, a fluorine-containing high molecular compound is desirable. 
Polytetrafluoroethylene and polyvinylidene fluoride are desirable especially. 
Generally the usage as a binder at the time of the thermoplastics shown above 
constituting a negative-electrode binder layer is known. The usages as coating 
of this invention differ to being the approach which the usage as a binder mixes 
and uses for an active material, an electric conduction agent, etc. and 
homogeneity at the point to which an active material front face is made to carry 
out localization of the thermoplastics. Although it is known conventionally that it 
is the direction where a cycle life is improved by increasing the amount of the 



thermoplastics used as a binder, the approach of the cycle nature amelioration 
effectiveness which the active material front face of this invention is made to 
cover is larger. 

[0019] As amount of the synthetic resin used to silicon, 2 - 30 % of the weight is 
desirable. Especially, 3-20 % of the weight is desirable. As for synthetic resin, in 
this invention, being covered partially is desirable. Although 5 - 95% of coverage 
is desirable, 5 - 90% is desirable especially. It defines as the rate of a 
percentage of the area of the part covered with the thermoplastics to the total 
surface area of a silicon compound particle with coverage here. 
[0020] It is desirable to mix and use a silicon compound and a carbonaceous 
compound in this invention. The ingredient for which a carbonaceous ingredient 
is used with an electric conduction agent or a negative-electrode ingredient is 
used. As a carbonaceous ingredient, a difficulty graphitized-carbon ingredient 
and a graphite system carbon material can be mentioned. Specifically 
JP,62-122066,A, JP,2-66856,A, The spacing indicated by each official report, 
such as 3-245473, a consistency, the carbon material of the magnitude of 
microcrystal, The mixture of a natural graphite and an artificial graphite given in 
JP,5-290844,A, JP,63-24555,A, 63-13282, 63-58763, They are a vapor growth 
carbon material given in JP, 6-21 261 7,A, and the ingredient by which heating 
baking was carried out at the temperature exceeding 2400 degrees C in difficulty 



graphitized carbon given in JP,5-182664,A. And an ingredient with the peak of 
the X diffraction equivalent to two or more 002nd page, JP,5-307957,A, 
5-307958, 7-85862, the meso face carbon material compounded by the 
8-315820 official report by pitch baking of a publication, To the graphite and pan 
which have the enveloping layer of a publication in JP, 6-84516, A Carbon 
materials, such as the poly acene ingredient containing the baking object of 
various kinds of granules, a microsphere, a plate-like object, microfilament, the 
carbon material of the configuration of a whisker, phenol resin, acrylonitrile resin, 
and furfuryl alcohol resin and a hydrogen atom, etc. can be mentioned. 
Furthermore, as an example as an electric conduction agent, carbon materials, 
such as carbon black, such as graphite, such as artificial graphites, such as 
elevated-temperature baking objects, such as natural graphites, such as flaky 
graphite, a scale-like graphite, and an earthy graphite, petroleum coke, coal 
corks, celluloses, a saccharide, and a mesophase pitch, and a vapor growth 
graphite, acetylene black, furnace black, KETCHIEN black, channel black, lamp 
black, and thermal black, an asphalt pitch, a coal tar, activated carbon, a meso 
fuze pitch, and the poly acene, are desirable. These may be used independently 
and may be used as mixture. 

[0021] Especially, the baking object of a carbon material given in JP,5-182664,A, 
various kinds of granules, a microsphere, a plate-like object, fiber, the carbon 



material of the configuration of a whisker and a mesophase pitch, phenol resin, 
and acrylonitrile resin and the poly acene ingredient which contains a hydrogen 
atom further are desirable, inside — a scale-like natural graphite -- a mixture -- it 
is desirable in order to strengthen the film. 5 - 1900 % of the weight of a mixing 
ratio is desirable to a silicon compound. Especially, 20 - 500 % of the weight is 
desirable. Furthermore, 30 - 400 % of the weight is desirable. Although various 
things as an average grain size of a carbonaceous ingredient can be used, 
0.01-50 micrometers is desirable, 0.02-30 micrometers is more desirable, and 
0.05-5 micrometers is the most desirable. 

[0022] As an electric conduction agent, other carbonaceous ingredients can be 
used as follows. When the ratio of the lithium which can carry out insertion 
emission, and a silicon atom is expressed with LixSi as charge-and-discharge 
range of a silicon compound negative-electrode ingredient, x=0-4.2 are desirable. 
As a result of considering cycle-life amelioration of silicon wholeheartedly, when 
stopped in the range of x=0-3.7, the cycle life found out improving greatly. In x= 
3.7, it was about 0.05V to being [ as opposed to / at charge potential / a lithium 
metal counter electrode ] 0.0V in x= 4.2 including an overvoltage. at this time, 
the configuration of a discharge curve changes and a flat discharge curve is 
obtained to the 0.5V (metal for a lithium) neighborhood by the 0.0V charge clinch 
-- receiving ~ more than 0.05V - especially - more than 0.08V (x= 3.6) -- about 



0.4 -- the gently-sloping curve which has an average electrical potential 
difference in V is obtained. That is, the direction which raised the charge 
beginning-and-the-end electrical potential difference found out the specific 
phenomenon in which discharge potential fell. Moreover, the phenomenon which 
the reversibility of a charge-and-discharge reaction also went up was found out. 
[0023] As the charge beginning-and-the-end approach in this invention, although 
approaches, such as combination of an open circuit constant voltage, a closed 
circuit constant voltage, a current, time amount, and the small current charge 
after high current charge, are used, the method of setting up and doubling the 
current at the time of a closed circuit constant voltage, and setting up the 
charging time especially, is desirable. A constant-voltage value is set up in the 
above-mentioned range. As for a current value, it is desirable to stop charge, 
when it goes into 0.1 - 10% of range of 1 hour rate current in a constant-voltage 
field. 

[0024] Although the approach with the effectiveness of improving a cycle life had 
been described separately, maintaining the high capacity of a silicon compound, 
the still more desirable mode found out acquiring the still higher amelioration 
effectiveness with the combination of the above-mentioned approach. 
[0025] In this invention, it is combinable with the compound which can carry out 
insertion emission of the lithiums, such as the other carbonaceous ingredient of 



the silicon compound of this invention, an oxide ingredient, a nitride ingredient, a 
sulfide ingredient, a lithium metal, and a lithium alloy, as a negative-electrode 
ingredient. Especially when using transition-metals oxide for a positive-electrode 
ingredient, it uses together with a lithium metal or a lithium alloy. 
[0026] The positive-electrode ingredient used by this invention has especially 
desirable lithium content transition-metals oxide, although the transition-metals 
oxide which can carry out insertion emission of the lithium is used. It is the oxide 
which mainly contains at least one sort of transition-metals elements preferably 
chosen from Ti, V, Cr, Mn, Fe, Co, nickel, Mo, and W, and a lithium, and the 
mole ratio of a lithium and transition metals is the compound of 0.3 thru/or 2.2. It 
is the oxide which mainly contains more preferably at least one sort of 
transition-metals elements chosen from V, Cr, Mn, Fe, Co, and nickel, and a 
lithium, and the mole ratio of a lithium and transition metals is the compound of 
0.3 thru/or 2.2. In addition, aluminum, Ga, In, germanium, Sn, Pb, Sb, Bi, Si, P, B, 
etc. may be contained in less than 30 mole percents to the transition metals 
which mainly exist. It is this better ** to use at least one sort of an ingredient 
which has a general formula LixM02 (at least one sort of M=Co, and nickel, Fe 
and Mn x=0-1.2) or the Spinel structure expressed with LiyN 204 (N=Mn y=0-2) 
in the above-mentioned positive active material. Specifically LixCo02, LixNi02, 
LixMn02, LixCoaNi1-a 02, and LixCobV1-b Oz, LixCobFe1-b 02, LixMn 204, 



and LixMncCo2-c They are 04, LixMncNi2-c 04, LixMncV2-c 04, and 
LixMncFe2-c 04 (it is x=0.02-1.2, a= 0.1 to 0.9, b= 0.8 to 0.98, c=1.6-1.96, and 
z=2.01-2.3 here). 
[0027] furthermore, positive active material — LiyMaD1-a 02 (M=Co and nickel 
--) At least one sort of Fe and Mn D=Co, nickel, Fe, Mn, aluminum, Zn, Cu, Mo, 
Ag, W, Ga, In, Sn, Pb, Sb, Sr, At least one sort other than M in B and P y=0-1.2, 
the ingredient containing a=0.5-1, or Liz (NbE1-b) 204 (N=Mn E=Co and nickel 
--) Fe, Mn, aluminum, Zn, Cu, Mo, Ag, W, Ga, In, Sn, Pb, Sb, Sr, B, P E is at 
least one sort. b= 1-0.2 Especially the thing for which at least one sort of an 
ingredient which has the Spinel structure expressed with z=0-2 is used is 
desirable. As most desirable lithium content transition-metals oxide, LixCo02, 
LixNi02, LixMn02, LixCoaNi1-a02, LixMn 204, and LixCobV1-b Oz (x=0.02-1.2, 
a= 0.1 to 0.9, b= 0.9 to 0.98, z=2.01-2.3) are raised. In addition, the value of x is 
a value before charge-and-discharge initiation, and is fluctuated by charge and 
discharge. Although the positive active material used by this invention is 
compoundable with the approach and solution reaction which mix a lithium 
compound and a transition-metals compound and are calcinated, especially its 
calcinating method is desirable. The detail for baking is indicated by the 
paragraph 35 of JP,6-60,867,A, JP,7-14,579,A, etc., and these approaches can 
be used for it. The positive active material obtained by baking may be used after 



water, aqueous acids, an alkaline water solution, and an organic solvent wash. 
Furthermore, you may be the approach of compounding by making it react to 
transition-metals oxide with a lithium metal, a lithium alloy, butyl lithium, and 
transition-metals oxide as an approach of inserting a lithium ion chemically. 
[0028] Although especially the average grain size of the positive active material 
used by this invention is not limited, 0.1-50 micrometers is desirable. It is 
desirable that the volume of a 0.5-30-micrometer particle is 95% or more. It is 
still more desirable that the volume which a particle group with a particle size of 3 
micrometers or less occupies is 18% or less of a whole product, and the volume 
which 15-micrometer or more particle group 25 micrometers or less occupies is 
18% or less of a whole product. Although not limited especially as a specific 
surface area, 0.01-50m2/g is especially desirable at a BET adsorption method, 
and 0.2m2 / g-1m2 / g is desirable. Moreover, as pH of the supernatant when 
melting 5g of positive active material to 100ml of distilled water, 12 or less [ 7 or 
more ] are desirable. 

[0029] When obtaining the positive active material of this invention by baking, it 
is 700-1200 degrees C that it is 500-1500 degrees C as a burning temperature 
desirable still more preferably, and it is 750-1000 degrees C especially 
preferably. As firing time, 4-30 hours is 6 - 20 hours desirable still more 
preferably, and it is 6 - 15 hours especially preferably. 



[0030] If the electric conduction agent used for the mixture of this invention is an 
electronic conduction nature ingredient which does not cause a chemical change 
in the constituted cell, it is good anything. As an example, natural graphites, 
such as flaky graphite, a scale-like graphite, and an earthy graphite, petroleum 
coke, Elevated-temperature baking objects, such as coal corks, celluloses, a 
saccharide, and a mesophase pitch, Graphite, such as artificial graphites, such 
as a vapor growth graphite, acetylene black, Furnace black, KETCHIEN black, 
channel black, lamp black, Carbon black, such as thermal black, an asphalt pitch, 
a coal tar, Conductive metallic oxide, such as conductive whiskers, such as 
metal powders, such as conductive fiber, such as carbon materials, such as 
activated carbon, a meso fuze pitch, and the poly acene, and a metal fiber, 
copper, nickel, aluminum, and silver, a zinc oxide, and potassium titanate, and 
titanium oxide, etc. can be mentioned. It is desirable when an aspect ratio uses 
five or more plate-like things in a graphite. In these, graphite and carbon black 
are desirable, the magnitude of a particle has 0.01 micrometers or more and 
desirable 20 micrometers or less, and its particle (0.02 micrometers or more and 
10 micrometers or less) is more desirable. These may be used independently 
and may use two or more sorts together. It is desirable when using together, and 
a 1-15-micrometer graphite particle is used together with carbon black, such as 
acetylene black. As for the addition to the binder layer of an electric conduction 



agent, it is desirable that it is 1 - 50 % of the weight to a negative-electrode 
ingredient or a positive-electrode ingredient, and it is especially desirable that it 
is 2 - 30 % of the weight. In carbon black or graphite, it is desirable that it is 
especially 3-20 % of the weight. 

[0031] this invention -- an electrode -- a binder is used in order to hold a mixture. 
As an example of a binder, the polymer which has polysaccharide, 
thermoplastics, and rubber elasticity is mentioned. As a desirable binder, starch, 
a carboxymethyl cellulose, A cellulose, diacetyl cellulose, methyl cellulose, 
hydroxyethyl cellulose, Hydroxypropylcellulose, alginic-acid Na, polyacrylic acid, 
Polyacrylic acid Na, a polyvinyl phenol, polyvinyl methyl ether, Polyvinyl alcohol, 
a polyvinyl pyrrolidone, polyacrylamide, Water-soluble polymers, such as 
PORIHIDOROKISHI (meta) acrylate and a styrene-maleic-acid copolymer, 
Polyvinyl chloride, poly tetrapod FURURORO ethylene, polyvinylidene fluoride, 
A tetrafluoroethylene-hexafluoropropylene copolymer, a vinylidene 
fluoride-tetrafluoroethylene-hexafluoropropylene copolymer, Polyethylene, 
polypropylene, an ethylene-propylene-diene terpolymer (EPDM), Sulfonation 
EPDM, polyvinyl-acetal resin, a methylmetaacrylate, The acrylic ester (meta) 
copolymer containing acrylic ester (meta), such as 2-ethylhexyl acrylate, The 
polyvinyl ester copolymer containing vinyl ester, such as an acrylic 
ester-acrylonitrile copolymer and vinyl acetate, (Meta) A styrene-butadiene 



copolymer, an acrylonitrile-butadiene copolymer, Polybutadiene, neoprene 
rubber, a fluororubber, polyethylene oxide, An emulsion (latex) or suspension, 
such as polyester polyurethane resin, polyether polyurethane resin, 
polycarbonate polyurethane resin, polyester resin, phenol resin, and an epoxy 
resin, can be mentioned. The latex of a polyacrylic ester system, a 
carboxymethyl cellulose, polytetrafluoroethylene, and polyvinylidene fluoride are 
mentioned especially. It is desirable to use what distributed minute powder in 
water, as for these binders, it is more desirable to use that whose average size 
of the particle in dispersion liquid is 0.01-5 micrometers, and it is desirable 
especially to use what is 0.05-1 micrometer, these binders are independent — or 
it can mix and use. if there are few additions of a binder — an electrode -- the 
holding power and cohesive force of a mixture are weak. If many [ too ], the 
electrode volume will increase and electrode unit volume or the capacity per unit 
weight will decrease. The addition of a binder has 1 - 30 desirable % of the 
weight at such a reason, and 2 - 10 % of the weight is especially desirable. 
[0032] In the constituted cell, a bulking agent can be used anything, if it is the 
fibrous ingredient which does not cause a chemical change. Usually, fiber, such 
as olefin system polymers, such as polypropylene and polyethylene, glass, and 
carbon, is used. Although especially the addition of a filler is not limited, 0 - 30 % 
of the weight is desirable. The object known as an inorganic and organic solid 



electrolyte can be used for an ion electric conduction agent, and it is indicated by 
the term of the electrolytic solution for details. A pressure enhancement agent is 
a compound which raises the internal pressure of a cell, and carbonates, such 
as a lithium carbonate, are the examples of representation. 
[0033] The positive electrodes of the charge collector which can be used by this 
invention are aluminum, stainless steel, nickel, titanium, or these alloys, and 
negative electrodes are copper, stainless steel, nickel, titanium, or these alloys. 
The gestalt of a charge collector is a foil, an expanded metal, a punching metal, 
or a wire gauze. Especially, to a positive electrode, copper foil is [ aluminium foil 
and a negative electrode ] desirable. As thickness of a foil, 7 micrometers - 100 
micrometers are 7 micrometers - 50 micrometers desirable still more preferably, 
and it is 7 micrometers - 20 micrometers especially preferably. As thickness of 
an expanded metal, a punching metal, and a wire gauze, 7 micrometers - 200 
micrometers are 7 micrometers - 150 micrometers desirable still more preferably, 
and it is 7 micrometers - 100 micrometers especially preferably. As purity of a 
charge collector, 98% or more is 99% or more desirable still more preferably, 
and is 99.3% or more especially preferably. An acid, alkali, an organic solvent, 
etc. may wash the front face of a charge collector. 
[0034] The thing of a charge collector in which the metal layer was formed on 
both sides of a sheet plastic is still more desirable in order to make thickness thin. 



The thing of plastics excellent in ductility and thermal resistance is desirable, for 
example, it is polyethylene terephthalate. Only with a metal, since there is almost 
no elasticity, it is weak to external force. If a metal layer is formed on plastics, it 
will become strong against an impact. More specifically, a charge collector may 
be a compound charge collector which covered base materials, such as a 
synthetic-resin film and paper, with the matter of electronic conduction nature. 
As a synthetic-resin film used as a base material, a fluororesin, polyethylene 
terephthalate, a polycarbonate, a polyvinyl chloride, polystyrene, polyethylene, 
polypropylene, polyimide, a polyamide, a cellulose dielectric, and polysulfone 
can be mentioned. As matter of the electronic conduction nature which covers a 
base material, metallic elements and these alloys, such as carbonaceous 
ingredients, such as a graphite and carbon black, aluminum, copper, nickel, 
chromium, iron, molybdenum, gold, and silver, can be mentioned. Especially the 
matter of desirable electronic conduction nature is a metal, and is aluminum, 
copper, nickel, and stainless steel. A compound charge collector may be a 
gestalt which makes the sheet and metal sheet of a base material rival, and may 
form a metal layer by vacuum evaporationo etc. 
[0035] Next, the configuration of the forward negative electrode in this invention 
is explained, the forward negative electrode — both sides of a charge collector — 
an electrode ~ it is desirable that it is the gestalt which applied the mixture. In 



this case, even if the number of layers per one side is one layer, it may consist of 
more than two-layer. When the number of the layers per one side is two or more, 
a positive-active-material (or negative-electrode ingredient) content layer may be 
more than two-layer. A more desirable configuration is the case where it consists 
of a layer containing positive active material (or negative-electrode ingredient), 
and a layer which does not contain positive active material (or 
negative-electrode ingredient). There are an interlayer between the protective 
layer for protecting the layer containing positive active material (or 
negative-electrode ingredient) and the divided positive-active-material (or 
negative-electrode ingredient) content layer, an under coat between a 
positive-active-material (or negative-electrode ingredient) content layer and a 
charge collector, etc. in the layer which does not contain positive active material 
(or negative-electrode ingredient), and these are named generically in this 
invention and it is called an auxiliary layer. 
[0036] As for a protective layer, it is desirable that it is in either both forward 
negative electrodes or the forward negative electrode. In a negative electrode, 
when inserting a lithium in a negative-electrode ingredient within a cell, as for a 
negative electrode, it is desirable that it is the gestalt which has a protective layer. 
A protective layer consists of at least one layer, and may be constituted by 
congener or two or more layers of a different kind. Moreover, you may be the 



gestalt which has a protective layer only on one side of the binder layers of both 
sides of a charge collector. These protective layers consist of particles, binders, 
etc. of water-insoluble nature, a binder -- the above-mentioned electrode -- the 
binder used in case a mixture is formed can be used. As a particle of 
water-insoluble nature, a various conductive particle and the organic and 
inorganic particle which does not have conductivity substantially can be used. 
The solubility to the water of a water-insoluble nature particle is 100PPM. The 
following and a desirable insoluble thing are desirable. The rate of the particle 
contained in a protective layer has 2.5 % of the weight or more and 96 
desirable % of the weight or less, 5 % of the weight or more and its 95 % of the 
weight or less are more desirable, and 10 % of the weight or more and especially 
its 93 % of the weight or less are desirable. 
[0037] As a conductive particle of water-insoluble nature, carbon particles, such 
as a metal, a metallic oxide, a metal fiber, a carbon fiber, carbon black, and a 
graphite, can be mentioned. In these water-insoluble conductive particles, what 
has low reactivity with alkali metal, especially a lithium is desirable, and metal 
powder and a carbon particle are more desirable. As electrical resistivity in 20 
degrees C of the element which constitutes a particle, it is 5x109. Below 
omega-m is desirable. 

[0038] As metal powder, a metal with low reactivity with a lithium, i.e., the metal 



which cannot make a lithium alloy easily, is desirable, and, specifically, copper, 
nickel, iron, chromium, molybdenum, titanium, a tungsten, and a tantalum are 
desirable. A needle, a column, tabular, and massive any are sufficient as the 
form of such metal powder, 0.02 micrometers or more and 20 micrometers or 
less have a desirable overall diameter, and it is more desirable. [ of 0.1 
micrometers or more and 10 micrometers or less ] That [ its ] to which the front 
face has not oxidized too much is desirable, and when having oxidized, as for 
such metal powder, heat-treating by reducing atmosphere is desirable. 
[0039] The well-known carbon material used as an electrical conducting material 
used together as a carbon particle when an electrode active material is not 
conductivity conventionally can be used, concrete -- an electrode ~ the electric 
conduction agent used in case a mixture is made is used. 
[0040] As a water-insoluble nature particle which does not have conductivity 
substantially, the impalpable powder of Teflon, SiC, alumimium nitride, an 
alumina, a zirconia, a magnesia, a mullite, forsterite, and a steatite can be 
mentioned. When these particles may be used together with a conductive 
particle and used by 0.01 or more times of a conductive particle, and 10 or less 
times, they are desirable. 

[0041] A forward (negative) electrode sheet can be created by applying, drying 
and compressing the mixture of a forward (negative) pole on a charge collector. 



Positive active material (or negative-electrode ingredient) and an electric 
conduction agent are mixed, a binder (the suspension of resin fine particles or 
emulsion-like thing) and a dispersion medium are added, kneading mixing is 
carried out, succeedingly, it can distribute by stirring mixers, such as a mixer, a 
homogenizer, a dissolver, a planetary mixer, a paint shaker, and a sand mill, and 
the disperser, and preparation of a mixture can be performed. Water is desirable 
although water or an organic solvent is used as a dispersion medium. In addition, 
additives, such as a bulking agent, an ion electric conduction agent, and a 
pressure enhancement agent, may be added suitably. As for pH of dispersion 
liquid, in a negative electrode, 7-12 are desirable at 5-10, and a positive 
electrode. 

[0042] Although spreading can be performed by various approaches, the reverse 
roll method, the direct rolling method, the blade method, the knife method, the 
extrusion method, a slide agglutination test, the curtain method, the gravure 
method, the bar method, a dip method, and the squeeze method can be 
mentioned, for example. The approach using an extrusion die and especially the 
approach using a slide coating machine are desirable. As for spreading, it is 
desirable to carry out the rate for 0.1 -100m/. under the present circumstances, a 
mixture -- according to the liquid nature of a paste, and drying, the surface state 
of a good spreading layer can be acquired by selecting the above-mentioned 



method of application. It is desirable from viewpoints, such as manufacture of a 
uniform electrode, and a manufacturing cost, to apply two or more of those 
layers to coincidence, when electrode layers are two or more layers. The 
thickness, die length, and width of the spreading layer are decided with the 
magnitude of a cell. The thickness of a typical spreading layer is 10-1000 
micrometers in the condition of having been compressed after desiccation. The 
electrode sheet after spreading is dried and dehydrated by hot blast, a vacuum, 
infrared radiation, far infrared rays, an electron ray, and the operation of the 
damp style, these approaches are independent -- or it can combine and use. 
The range of drying temperature of 80-350 degrees C is desirable, and its range 
which is 100-260 degrees C is especially desirable. The moisture content after 
desiccation has desirable 2000 ppm or less, and its 500 ppm or less are more 
desirable. Although compression of an electrode sheet can use the press 
approach generally adopted, a die-press method and its calender pressing 
method are especially desirable. Especially press ** is 10kg/cm2 - 3 t/cm2, 
although not limited. It is desirable. The pressing speed of the calender pressing 
method has the amount of desirable 0.1 -50m/. Press temperature has desirable 
room temperature -200 degree C. 

[0043] The separator which can be used by this invention has large ion 
transmittance, and it has a predetermined mechanical strength, and that what is 



necessary is just an insulating thin film, as the quality of the material, an olefin 
system polymer, a fluorine system polymer, a cellulose system polymer, 
polyimide, nylon, a glass fiber, and an alumina fiber are used, and a nonwoven 
fabric, textile fabrics, and a microporous film are used as a gestalt. Especially, as 
the quality of the material, the mixture of polypropylene, polyethylene, 
polypropylene, the mixture of polyethylene and polypropylene, and Teflon and 
the mixture of polyethylene and Teflon are desirable, and what is a microporous 
film as a gestalt is desirable. Especially, the microporous film whose aperture is 
0.01-1 micrometer and whose thickness is 5-50 micrometers is desirable. Even if 
these microporous films are independent film, they may be complex films which 
consist of more than two-layer [ from which properties, such as a configuration, a 
consistency, etc. of a fine hole, and the quality of the material, differ ]. For 
example, the complex film which made the polyethylene film and the 
polypropylene film rival can be mentioned. 

[0044] Generally the electrolytic solution consists of a supporting electrolyte and 
a solvent. As for the supporting electrolyte in a lithium secondary battery, lithium 
salt is mainly used. The fluorosulfonic acid expressed with LiCI04, LiBF4, LiPF6, 
UCF3C02, LiAsF6 and LiSbF6, UB10CI10, and LiOS02CnF2n+1 as lithium salt 
which can be used by this invention, for example (n is six or less positive integer), 
the imide salt (m --) expressed with LiN (SQ2 CnF2n+1) (SQ2 CmF2m+1) the 



methide salt (p --) as which n is expressed in six or less positive integer and LiC 
(S02 CpF2p+1) (S02 CqF2q+1) (S02 CrF2r+1), respectively q:r, respectively 
Six or less positive integer, a low-grade aliphatic-carboxylic-acid lithium, Li salts, 
such as LiAICI4, LiCI, LiBr, Lil, a chloro borane lithium, and 4 phenyl lithium 
borate, can be raised, and these kinds or two sorts or more can be mixed and 
used. What dissolved LiBF4 and/, or LiPF6 especially is desirable. Although 
especially the concentration of a supporting electrolyte is not limited, its 0.2-3 
mols per 11. of electrolytic solutions are desirable. 
[0045] As a solvent which can be used by this invention, propylene carbonate, 
ethylene carbonate, Butylene carbonate, chloroethylene carbonate, carbonic 
acid trifluoro methyl ethylene, Carbonic acid difluoro methyl ethylene, carbonic 
acid mono-fluoro methyl ethylene, 6 methyl-fluoride acetate, 3 methyl-fluoride 
acetate, dimethyl carbonate, Diethyl carbonate, methylethyl carbonate, 
gamma-butyrolactone, Methyl formate, methyl acetate, 1, 2-dimethoxyethane, a 
tetrahydrofuran, 2-methyl tetrahydrofuran, dimethyl sulfoxide, 1, 3-dioxolane, 
The 2 and 2-screw (trifluoromethyl) -1, 3-dioxolane, a formamide, 
Dimethylformamide, dioxolane, dioxane, an acetonitrile, Nitromethane, ethyl 
mono-glyme, trialkyl phosphate, boric-acid triester, Trimethoxy methane, a 
dioxolane derivative, a sulfolane, 3-methyl-2-oxazolidinone, 3-alkyl sydnone (an 
alkyl group is propyl, isopropyl, butyl, etc.), Aprotic organic solvents, such as 



propylene carbonate derivative, tetrahydrofuran derivative, ethyl ether, 1, and 
3-propane ape ton, can be mentioned, and these kinds or two sorts or more are 
mixed and used. In these, the solvent of a carbonate system is desirable and it is 
desirable especially to mix and use annular carbonate and un-annular carbonate. 
As annular carbonate, ethylene carbonate and propylene carbonate are 
desirable, moreover -- as un-annular carbonate -- diethyl carbonate, dimethyl 
carbonate, and methylethyl carbonate -- ** -- it is desirable. The electrolytic 
solution which contains UCF3S03, LiCI04 and LiBF4, and/or LiPF6 in the 
electrolytic solution which mixed suitably ethylene carbonate, propylene 
carbonate, 1, 2-dimethoxyethane, dimethyl carbonate, or diethyl carbonate as 
the electrolytic solution which can be used by this invention is desirable, 
especially -- one [ at least ] mixed solvent of propylene carbonate, at least one 
side of ethylene carbonate and dimethyl carbonate, or diethyl carbonate -- LiCF3 
-- a kind of salt chosen from S03, LiCI04, or LiBF4 and the electrolytic solution 
containing LiPF6 are desirable at least. Especially the amount that adds these 
electrolytic solutions in a cell is not limited, but can be used according to the 
amount of a positive-electrode ingredient or a negative-electrode ingredient, or 
the size of a cell. 

[0046] Moreover, the following solid electrolytes can also be used together 
besides the electrolytic solution. It is divided into an inorganic solid electrolyte 



and an organic solid electrolyte as a solid electrolyte. The nitride of Li, the 
halogenide, the oxygen acid salt, etc. are well known by the inorganic solid 
electrolyte, inside -- Li3 -- N, Lil, Li5NI2, Li3 N-Lil-LiOH, Li4Si04, 
Li4Si04-Lil-LiOH, x Li3P04-(1-x) Li4Si04, Li2SiS3, a phosphorus sulfide 
compound, etc. are effective. 

[0047] The macromolecule matrix material which made the polymer which 
contains the polymer, the polypropylene oxide derivative, or this derivative 
containing a polyethylene oxide derivative or this derivative in an organic solid 
electrolyte, the polymer containing an ionic dissociation radical, the polymer 
containing an ionic dissociation radical, the mixture of the above-mentioned 
aprotic electrolytic solution and a phosphoric ester polymer, and the aprotic polar 
solvent contain is effective. Furthermore, there is also the approach of adding a 
polyacrylonitrile to the electrolytic solution. Moreover, how to use inorganic and 
an organic solid electrolyte together is also learned. 
[0048] Moreover, other compounds may be added to an electrolyte in order to 
improve discharge and a charge-and-discharge property. For example, a 
pyridine, pyrroline, a pyrrole, a triphenylamine, a phenyl carbazole, A triethyl 
FOSU fight, triethanolamine, cyclic ether, Ethylenediamine, n-glyme, hexalin 
acid TORIAMIDO, a nitrobenzene derivative, Sulfur, a quinonimine dye, 
N-permutation oxazolidinone, and N and N'-permutation imidalidinone, Ethylene 



glycol dialkyl ether, quarternary ammonium salt, a polyethylene glycol, A pyrrole, 
2-methoxyethanol, AICI3, the monomer of a conductive polymer electrode active 
material, The triethylenephosphoramide, trialkylphosphine, a morpholine, The 
crown ether like an aryl compound with a carbonyl group and 12-crown -4, 
hexamethylphosphoric triamide and 4-alkyl morpholine, the bicyclic third class 
amine, oil, the fourth class phosphonium salt, the third class sulfonium salt, etc. 
can be mentioned. Especially a desirable thing is independent or the case where 
it combined and uses, about a triphenylamine and a phenyl carbazole. 
[0049] Moreover, in order to make the electrolytic solution into incombustibility, a 
halogen-containing solvent, for example, a carbon tetrachloride, and a 3 
fluoridation ethylene chloride can be included in the electrolytic solution. 
Moreover, in order to give fitness to elevated-temperature preservation, carbon 
dioxide gas can be included in the electrolytic solution. 
[0050] As for the electrolytic solution, it is desirable not to contain a part for 
moisture and a free acid as much as possible. For this reason, as for the raw 
material of the electrolytic solution, what carried out sufficient dehydration and 
purification is desirable. Moreover, the inside of the dry air not more than minus 
30 degree C or inert gas has [ adjustment of the electrolytic solution ] a desirable 
dew-point. 0.1-500 ppm of amounts for the moisture in the electrolytic solution 
and a free acid are 0.2-100 ppm more preferably. 



[0051] Although the electrolytic solution may pour in the whole quantity at once, 
it is desirable to pour in in 2 steps or more. When pouring in in 2 steps or more, 
the presentation (after pouring in the solution which dissolved lithium salt in the 
non-aqueous solvent or the non-aqueous solvent, the solution which dissolved 
lithium salt in a non-aqueous solvent or a non-aqueous solvent with viscosity 
higher than said solvent is poured in) which is different also by the same 
presentation is sufficient as each liquid. Moreover, a cell can may be 
decompressed for compaction of the impregnation time amount of the 
electrolytic solution etc., or you may perform applying a centrifugal force and a 
supersonic wave to a cell can. 

[0052] The cell cans and cell lids which can be used by this invention are the iron 
steel plate which performed nickel plating as the quality of the material, a 
stainless steel plate (SUS304, SUS304 L, SUS304 N, SUS316, SUS316 L, 
SUS430, SUS444 grade), the stainless steel plate (same as the above) which 
performed nickel plating, aluminum or its alloy, nickel, titanium, and copper, and 
are perfect circle form tubed, ellipse form tubed, square tubed, and rectangle 
tubed as a configuration. Especially when a sheathing can serves as a 
negative-electrode terminal, a stainless steel plate and the iron steel plate which 
performed nickel plating are desirable, and when a sheathing can serves as a 
positive-electrode terminal, a stainless steel plate, aluminum, or its alloy is 



desirable. Any, such as a carbon button, coin, a sheet, a cylinder, and an angle, 
are sufficient as the configuration of a cell can. A relief valve can be used for an 
obturation plate as a cure of an internal pressure rise of a cell can. In addition, 
the approach of putting in slitting can also be used for members, such as a cell 
can and a gasket. In addition, it may be equipped with the various insurance 
components (a fuse, bimetal, a PTC component, etc. as [ For example, ] an 
overcurrent-protection component) known from the former. 
[0053] Metals (for example, iron, nickel, titanium, chromium, molybdenum, 
copper, aluminum, etc.) with electrical conductivity and those alloys can be used 
for the lead plate used by this invention. A well-known approach (electric welding 
of an example, a direct current, or an alternating current, laser welding, 
ultrasonic welding) can be used for the welding process of a cell lid, a cell can, 
an electrode sheet, and a lead plate. The compound and mixture which are 
known from the former, such as asphalt, can be used for the sealing compound 
for obturation. 
[0054] As the quality of the material, they are an olefin system polymer, a 
fluorine system polymer, a cellulose system polymer, polyimide, and a 
polyamide, from organic solvent-proof nature and low- water-flow part 
permeability, the gasket which can be used by this invention has a desirable 
olefin system polymer, and especially its polymer of a propylene subject is 



desirable. Furthermore, it is desirable that it is the block copolymerization 
polymer of a propylene and ethylene. 

[0055] As for the cell assembled as mentioned above, it is desirable to perform 
aging processing. There are pretreatment, activation, after treatment, etc. in 
aging processing, and the cell which was excellent in a high 
charge-and-discharge capacity and cycle nature by this can be manufactured. 
Pretreatment is processing for equalizing distribution of the lithium in an 
electrode, for example, combination of the arbitration of the temperature control 
for making dissolution control of a lithium and distribution of a lithium into 
homogeneity, rocking and/or rotation processing, and charge and discharge is 
performed. Activation is processing for making a lithium insert to the negative 
electrode of a cell proper, and it is desirable to insert 50 - 120% of the amount of 
lithium insertion at the time of real use charge of a cell. After treatment is 
processing for fully carrying out activation, has this [ the preservation processing 
for making a cell reaction into homogeneity, and / for a judgment / 
charge-and-discharge processing ], and can be combined with arbitration. 
[0056] The desirable aging conditions before activation of this invention 
(pretreatment conditions) are as follows. 30 degrees C or more 70 degrees C or 
less of temperature are desirable, it is more desirable, and is still more desirable. 
[ of 40 degrees C or more 60 degrees C or less ] [ of 30 degrees C or more 60 



degrees C or less ] Moreover, as for open circuit voltage, less than [ more than 
2.5V3.8V ] is desirable, less than [ more than 2.5V3.5V ] is more desirable, and 
less than [ more than 2.8V3.3V ] is still more desirable. An aging period will have 
20 or less desirable days the 1st day or more, and will be desirable the 1st day 
or more. [ of especially 15 or less days ] As for the charge electrical potential 
difference of activation, more than 4.0V is desirable, less than [ more than 
4.05V4.3V ] is more desirable, and less than [ more than 4.1V4.2V ] is still more 
desirable. As aging conditions after activation, less than [ more than 3.9V4.3V ] 
has desirable open circuit voltage, especially less than [ more than 4.0V4.2V ] is 
desirable, 30 degrees C or more 70 degrees C or less of temperature are 
desirable, and it is desirable. [ of 40 degrees C or more especially 60 degrees C 
or less ] An aging period will have 20 or less desirable days the 0.2nd day or 
more, and will be desirable the 0.5th day or more. [ of especially five or less 
days ] 
[0057] The cell of this invention is covered with a sheathing material if needed. 
As a sheathing material, there are heat-shrinkable tubing, adhesive tape, a 
metal film, paper, cloth, a coating, a plastics case, etc. Moreover, the part of 
sheathing discolored with heat in part at least is prepared, and you may make it 
the heat history in use known. 

[0058] The cell of this invention constructs two or more to a serial and/or 



juxtaposition if needed, and is contained by the cell pack. A safety circuit (circuit 
with the function which intercepts a current if it acts as the monitor of the 
electrical potential difference of each cell and/or the whole group cell, 
temperature, the current, etc. and is required) besides insurance components, 
such as a forward temperature coefficient resistor, a thermal fuse, a fuse, and/or 
a current cutoff component, may be prepared in a cell pack. Moreover, the 
positive electrode of each cell and a negative-electrode terminal, the whole 
group cell and the temperature detection terminal of each cell, the current 
detection terminal of the whole group cell, etc. can also be prepared in a cell 
pack as an external terminal in addition to the positive electrode of the whole 
group cell, and a negative-electrode terminal. Moreover, 
electrical-potential-difference conversion circuits (DC-DC converter etc.) may be 
built in a cell pack. Moreover, you may fix by welding a lead plate, and 
connection of each cell may be fixed so that it can detach and attach easily with 
a socket etc. Furthermore, display functions, such as cell remaining capacity, 
existence of charge, and a use count, may be prepared in a cell pack. 
[0059] The cell of this invention is used for various devices. It is desirable to be 
especially used for a video movie, a pocket mold videocassette recorder with a 
built-in monitor, a movie camera with a built-in monitor, a digital camera, a 
compact camera, a single-lens reflex camera, a disposable camera, a notebook 



sized personal computer, a note type word processor, an electronic notebook, a 
cellular phone, a cordless telephone, a mustached camber, a power tool, an 
electric mixer, an automobile, etc. 

[0060] 

[Example] Although an example is raised to below and this invention is explained 
in more detail, this invention is not limited to an example. 
[0061] As an example 1 silicon compound, as a polycrystal silicon simple 
substance (compound -1) and an alloy compound of the following compounded 
metallurgically A Si-Ag alloy (compound-2 atomic ratio 60-40), Si-aluminum 
(compound-3 atomic ratio 60-40), Si-Ag-Cd (compound -460-30-10), Si-Zn 
(compound-5 atomic ratio 60-40), Si-germanium (compound-6 atomic ratio 
60-40), Si-Ag-Sn (compound-7 atomic ratio 60-30-10), The silicon (compound 
-9) which ground the silicon to which elution of the Li was carried out 100% using 
isopropyl alcohol in argon gas, and was obtained from Si-Ag-nickel (compound-8 
atomic ratio 60-30-10) and Li4Si compounded metallurgically was prepared. The 
mean particle diameter of the fine particles of these compounds was prepared to 
1-5 micrometers, after having distributed Si02 with an average grain size of 
20nm to the nickel-plating bath, resembling the above-mentioned silicon 
compound and covering Si02 and nickel, it heated under the argon gas ambient 
atmosphere for 30 minutes, and the negative-electrode ingredients 1-9 of this 



invention were made from 1000 degrees C. 

[0062] next, the fine particles which fully mixed the scale-like natural graphite of 
same weight with the above-mentioned negative-electrode ingredient (1-9), and 
were obtained ~ as 190g and a binder ~ Pori **-ized vinylidene 10g -- 
N-methyl-2-pyrrolidone 500ml - distributing -- a negative electrode ~ a mixture -- 
the paste was created. 

[0063] positive active material LiCo02 -- 200g and acetylene black 10g ~ a 
homogenizer - mixing -- continuing -- as a binder - Pori **-ized vinylidene 5g ~ 
mixing -- N-methyl-2-pyrrolidone 500ml - adding -- kneading mixing - carrying 
out — a positive electrode ~ a mixture — the paste was created. 
[0064] the positive electrode created above -- a mixture ~ compression molding 
of the paste was carried out with the roller press machine after spreading and 
150-degree-C desiccation to both sides of an aluminium foil charge collector with 
a thickness of 30 micrometers by the blade coating machine, it judged in 
predetermined magnitude, and the band-like positive-electrode sheet was 
created. Furthermore, dehydration desiccation was enough carried out at the 
far-infrared heater all over the dry box (dew-point; dry air -50 degrees C or less), 
and the positive-electrode sheet was created, the same ~ a negative electrode -- 
a mixture -- the paste was applied to the 20-micrometer copper foil charge 
collector, and the negative-electrode sheet was created by the same approach 



as the above-mentioned positive-electrode sheet creation, the charge capacity 
of coverage of a forward negative electrode of the 1st cycle from which the 
charge capacity of the 1st cycle from which positive active material is set to 4.2V 
to a lithium metal, and the above-mentioned negative-electrode ingredient are 
set to 0.0V suits ~ as -- each electrode ~ the coverage of a mixture was adjusted. 
[0065] Next, the electrolytic solution was created as follows. By argon 
atmosphere, 65. 3g diethyl carbonate was put into the polypropylene container of 
200 cc thin opening, and 22. 2g ethylene carbonate was dissolved small quantity 
every, taking care that solution temperature does not exceed 30 degrees C to 
this. Next, 0.4g LiBF4 and 12. 1g LiPF6 It dissolved in the above-mentioned 
polypropylene container small quantity every in order, respectively, taking care 
that solution temperature does not exceed 30 degrees C. The obtained 
electrolytic solution was a transparent and colorless liquid by specific gravity 
1.135. The amount of [ 18 ppm (product made from the Kyoto electron it 
measures with trade name MKC-210 mold Carl Phi Shah water measurement 
equipment) and ] free acid of moisture was 24 ppm (the bromthymol blue is used 
as an indicator, a neutralization titration is carried out using a decinormal NaOH 
water solution, and it measures). 

[0066] The cylinder cell was created as follows. How to make a cell according to 
drawing 1 is explained. The laminating of the separator was carried out to the 



positive-electrode sheet created above, the separator made from a microporous 
polyethylene film, and the negative-electrode sheet pan at order, and this was 
wound around the curled form. It contained with the iron closed-end cylindrical 
cell can (1) which performed nickel plating which serves this wound electrode 
group (2) as a negative-electrode terminal, and the up electric insulating plate (3) 
was inserted further, what carried out the laminating of a positive-electrode 
terminal (6), an insulating ring, a PTC component (63), a current cutoff object 
(62), and the pressure induction valve element (61) after pouring in the 
above-mentioned electrolytic solution into this cell can -- a gasket (5) -- minding 
the cylindrical cell was created in total. 
[0067] The above-mentioned cylindrical shape cell is charged by 1.5A. In this 
case, it charged by constant current to 4.2V, and charge controlled the charging 
current to keep it constant by 4.2V until 2.5 hours had passed since charge 
initiation. Discharge was carried out according to constant current to 3.0V with 
the 0.2C current, the discharge capacity of the 1st cycle at that time, average 
discharge voltage, and the amount of energy (discharge capacity x average 
discharge voltage) -- the capacity maintenance factor of 30 cycle eye which 
repeated charge and discharge was shown in Table 1 again. 
[0068] 

Table 1 Cell Negative-electrode ingredient Discharge capacity Average 



discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

1 1 2200 3.5 7.6 84 2 2 2000 3.5 7.0 88 3 3 2000 3.5 7.0 88 4 4 2000 3.5 7.0 90 
5 5 2000 3.5 7.0 89 66 2000 3.5 7.0 88 7 72000 3.5 7.0 89 8 8 2000 3.57.0 89 99 
2200 3.57.6 83 [0069] It is a compound like an example 1 as an example 2 
silicon compound. - The negative-electrode ingredients 10-18 which covered 
polyvinylidene fluoride and nickel to silicon were made like the example 1 except 
using what distributed polyvinylidene fluoride with an average grain size of 0.2 
micrometers to the nickel-plating bath using 1-9. The same trial as an example 1 
was carried out, and the result of Table 2 was obtained. 
[0070] 

Table 2 Cell Negative-electrode ingredient Discharge capacity Average 
discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

10 10 2200 3.5 7.6 82 11 11 2000 3.5 7.0 86 12 12 2000 3.5 7.0 85 13 13 2000 
3.5 7.0 88 14 14 2000 3.5 7.0 86 15 15 2000 [3.5 ] 7.0 86 16 16 2000 3.5 7.0 86 
17 17 2000 3.57.0 86 18 18 2200 3.57.6 81 [0071] Except using what distributed 
polyvinylidene fluoride with a SiO [2 ] of with an example 3 average grain size of 
20nm and an average grain size of 0.1 micrometers to the nickel-plating bath, 
like the example 1, Si02, polyvinylidene fluoride, and nickel were covered to 



silicon, the negative-electrode ingredients 19-27 of this invention were produced, 
the same trial as an example 1 was carried out, and the result of Table 3 was 
obtained. 
[0072] 

Table 3 Cell Negative-electrode ingredient Discharge capacity Average 
discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

19 19 2100 3.5 7.3 88 20 20 1900 3.5 6.6 92 21 21 1900 3.5 6.6 92 22 22 1900 
3.5 6.6 94 23 23 1900 3.5 6.6 93 24 24 1900 [3.5 ] 6.6 93 25 25 19003.5 6.6 93 
26 26 1900 3.5 6.6 93 27 27 2100 3.5 7.3 86 [0073] example 4 example 3 -- the 
mixture of a forward negative electrode — water was used instead of N-methyl 
pyrrolidone used when producing a paste. Specifically, the negative-electrode 
sheet was made as follows. 95% of same weight mixture of a negative-electrode 
ingredient and a scale-like graphite, and the mixture which consists of 4 % of the 
weight of water distribution objects and 1 % of the weight of carboxymethyl 
celluloses of polyvinylidene fluoride as binders -- water -- adding -- a 
homogenizer -- 10000 rotations - 10 minutes or more -- kneading -- a negative 
electrode — a mixture -- the slurry was prepared. The obtained slurry was applied 
to both sides of a copper film with a thickness of 18 micrometers, and the 
negative-electrode sheet was produced. The positive-electrode sheet was made 



as follows, the mixture which consists positive active material LiCo02 of 3 % of 
the weight of water distribution objects and 1 % of the weight of sodium 
polyacrylate of polyvinylidene fluoride as 6 % of the weight of acetylene black, 
and a binder 90% of the weight — water ~ adding ~ kneading — a negative 
electrode -- a mixture - the slurry was prepared. The obtained slurry was applied 
to both sides of an aluminum film with a thickness of 30 micrometers, and the 
positive-electrode sheet was produced. Next, the protective layer (5 micrometers 
in average thickness) which consists of mixture of 1:4 (weight ratio) of a 
scale-like graphite and an aluminum oxide (mean particle diameter of 2 
micrometers) was painted on the front face of the active material layer of a 
negative-electrode sheet. The charge and discharge test was carried out on the 
same conditions as an example 1. 

[0074] 

Table 4 Cell Negative-electrode ingredient Discharge capacity Average 
discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

28 19 2100 3.5 7.3 88 29 20 1900 3.5 6.6 92 30 21 1900 3.5 6.6 92 31 22 1900 
3.5 6.6 95 32 23 1900 3.5 6.6 93 33 24 1900 [3.5 ] 6.6 93 34 25 19003.5 6.6 93 
35 26 1900 3.5 6.6 93 36 27 2100 3.5 7.6 88 [0075] The negative-electrode 
ingredients 28-36 were made like the example 1 except using using the silicon 



compounds 1-9 of example of comparison 1 example 1, without covering Si02, 
polyvinylidene fluoride, etc. The method of creating a cell and the method of 
examining a cell are the same as an example 1. 
[0076] 

Table 5 Cell Negative-electrode ingredient Discharge capacity Average 
discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

37 28 2300 3.5 8.0 70 38 29 2100 3.5 7.3 75 39 30 2100 3.5 7.3 75 40 31 2100 
3.5 7.3 77 41 32 2100 3.5 7.3 76 42 33 2100 [3.5 ] 7.3 76 43 34 21003.5 7.3 76 
44 35 2100 3.5 7.3 76 45 36 2300 3.5 8.0 68 [0077] Colloidal silica was mixed 
with example of comparison 2 polycrystal silicon, and Si-Si02 (weight ratio 
90-10) which made fine particles the solid heated and obtained at 1000 degrees 
C in the vibration mill in argon gas was used as a negative-electrode ingredient 
37. Moreover, 30g of polycrystal silicon of the silicon compound -1 was added in 
the liquid which melted 3g of polyvinylidene fluorides to N-methyl pyrrolidone 
50g, after carrying out mixed kneading, it dried and the fine particles ground with 
the automatic mortar were used as a negative-electrode ingredient 38. The 
negative-electrode ingredient 39 as well as the negative-electrode ingredient 38 
was made except having transposed polycrystal silicon to above-mentioned 
compound Si-Si02. Cells 46-48 were made like the example 1 using these 



negative-electrode ingredients 37-39. Furthermore, the cell 49 was created like 
the example 1 except having added acetylene black 2% of the weight as an 
electric conduction adjuvant, using mesophase pitch coke as a 
negative-electrode ingredient 40. The same charge and discharge test as an 
example 1 was carried out using these cells. 
[0078] 

Table 6 Cell Negative-electrode ingredient Discharge capacity Average 
discharge The amount of energy Cycle life Number Number (mAh) Electrical 
potential difference (V) (Wh) (30 cycle %) 

46 37 2200 3.5 7.6 80 47 38 2200 3.5 7.6 80 48 39 2100 3.5 7.3 83 49 40 1400 
3.7 5.0 94 [0079] When the cell engine performance of the cells 1-36 of 
examples 1-4 using the compound of this invention, the cells 37-45 of the 
example 1 of a comparison, and the cells 46-48 of the example 2 of a 
comparison is compared, it turns out that it excels in the cycle life, the cell using 
the negative-electrode ingredient of this invention maintaining high capacity. 
Even if it furthermore compared the cell using the negative-electrode ingredient 
of this invention with the comparison cell 49 which used the carbonaceous 
ingredient for the negative-electrode ingredient, the cycle life was equivalent, 
and was high, and it turned out that the amount of energy is also a high cell. [ of 
discharge capacity ] The same effectiveness was acquired by the above result 



even if it used the positive electrode which changed LiCo02 into LiNi02 or LiMn 
204 for positive active material. Furthermore, the same result was obtained 
even if it used the compound which permuted nickel and manganese of such 
positive active material with other metals. 

[0080] 

[Effect of the Invention] According to this invention, the nonaqueous 
rechargeable battery the amount of energy and whose cycle life improved can 
be obtained. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] The sectional view of the cylinder cell used for the example is shown. 

[Description of Notations] 

1 Cell Can Which Serves as Negative Electrode 

2 Rolled Electrode Group 

3 Up Electric Insulating Plate 

4 Positive-Electrode Lead 

5 Gasket 



6 Cell Lid Which 

61 Pressure 

62 Current 

63 PTC Component 



Serves as Positive-Electrode Terminal 
Induction Valve Element 

Cutoff Component (Switch) 
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(9) « C8) o##^ai^r; ^-f^^©M««>^ 
**5N<:::^E«J& 

(10) « C8 ) M ftU (9) ©#M©C>* < i: t> 

G e , B e > A g , A 1 , A u , C d , G a > J n > S 

(11) « (10) Vcm^X, MtcMg, Fe, N A C 
Ov T is MOs W*«Sl»l§M < 1 «>&#W 

tCvNs2:A'1:h7> 
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ci2) m an icwMcn?ymo)rsmc>rtzm : ?- 
(is) « (8) - (i2) izmm<r>y4micm'%mm 

(14) SI (8) - (13) fcSR<D^^LT#£*l 

(15) II (14) 5v.J3"c2. glitllS^lOOO'tlX.t, 1800 

(16) « (14) *fcfct (15) to&^T, a-4feC)||Jl(!SC) 

(17) $ CD - (4) lcE«^^-Y#^#M^^ittf 

^ (. mttm*:: vtz'rxmxm m^rn, 

(18) II (17) KS»©iIW»'if f ^W& 

(19) $ (is) ic®m® u ju^as*© y 

(20) m (17) fc««^y>r-3^lR*Lfcr4/3--4/t» 

y «7 f Mimtttm? s c ic <fc o r y •*/ ju* 

(21) $ (2) ~ (4) fC^^SfPttolt?I*!-57)'f2^ 

$r«%-> tmto*^ 5 &m->timm 

(22) XI (21) OilJIlSi®^ K Cu, Ag, 
Co, F e , Cr, W, T I , A u - P t , P d , S 

(23) M (21) i^ff (22) ««*ttS#M^N i, C 

u . A g < t i MX&zmcx:k\\mi. 

(24) & (21) - (23) ^M-m?W<?^/-:r-f*fc(? 

MO 3 ®X..ht s >%§IS??R:::^«, 

(25) m (21) - (24) 0#jl«ltli«^^-f«icMb 

r. 3 - 8 0 MT'%X&Z»&7kz:.%mx 

(26) 28 (2) fcS^B (4) te««0-fe?Sy£#A 
! 2 0 3 , S I 0 2 , T i Q 2 , S i C, S i 3 N 4 ^&M^ 

ttS'>*< £fe 1 ®T*&m7kZXmt» (27) « (2 
6) to;:v«2;2r/2 ^'2';y S t 0*^&*#v|Qfcm> 

(28) m (27) to»«^.)S i OA.i, K#©S s 
0 3 12SS#7R22^«!2 i , 

(29) ii (26) ~ (28) &im®&4MKm$m*5 

(so.) si (26) - (29) icmmexr-fmcm*?**/? 
mm € $ #ss*\ 3oom.k i Gooxuxf-efeat s 

en) rii (.3) at? (4) mmmmmxvyyfo 

(32) «! (30 ^^^toMTr 3 maj^te«^«Mit 

(33) « (31) m (32) Oli^fl^MKOMMW 5 



(34) m ( i ) ©y^^fk^toMt*c«^m#it^ 

(35) « en o^4mimmicMLxmMfmmitv 

(36) « (34) j&tf (35) 0»*tM>t^.mf^r^ 

§:iji.d<2:^ii)i )> 

(37) * ( i ) ®*jm$mommm&, 

&t fc x 0 fr& 4 . 2 ©«|«rtT?**IMtr^«?fio 

(38) m (1) 0^-2)i(b2t%©^illiH*\ L l„ 

mm, 

(39) ft ( 1) 2>^^*fC#i52>^«*, 1 f*ff»« 

mm, 

(40) (39) izmmonmx 1 s^mi- 1 ostww 

^to^TLfe#*r^cm 

(•11) 3 (I ) 2>jE«S«ttl. S y MO a (M-Co, 
N 1 > F e, Mil £D'>& < fc % 1 H' y = 0 ~ 1 . 2 ) 
%#0M^k l i ie N 2 0 4 (N~Mn z - i) •• 

2 ) Ta2? ti® X {f^^^Wf^^O^ < I: G 

(42) Hi (.11) OiEMSWai. i y M a D^ O t (M 
- Co, Mi, F e , M ri 2>^ft < ^ 1 ft D - C 
o, H l , F e s Mn, A i , Zn, C u Mo, A 
gs VVs Gas In, Sik Pb, Sb, Sr. 1'K P 
0i-l3«DMlX:H©'M; < & & 1 y - 0 - 1 . 2 „ a - 
0. 5-1.) :sftai i z (N b B,.. b ) , : 
D 4 (N = Miix !•: - Co, NU !•' v> , AK Zru 
Cu, Mo, Ag, W, G a, I n, $«, Fb, $ 
b, Sr, B, P fi0;^2x < t & 1 II, b - 0. 2-1, 

z ■■■■■■ 0-2) T»m$n%xi£&?mmm^mmo& 

(43) « (2) - (42) z+m^z> >rJ&0WmL : f-V'< 
X* 0 . 0 I ~ 5 o n m ^^Jc:::2^MM!« 

(43) « ( 2 ) - (42) -rnh^- ;2»r2i^.; 2- ./ 
XA'O. 0 5 - 5 ft m T» o:(.;2 2V.:l/;f?, 
[0 0 0 6] *^r^fflV*64l25;Eli ($>&VHUm) 

mm LxftzctWTtzz* xMttm cmmmmft 
m fctt> vEKfS« c«*v^ft«w«) ©is, mn 

it, -i*m.. m^m^x^,Mi\ mm°y&%z<~ 
to o o 73 imc^mnomm^mmi-c-o^xm 
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x * mm>mmz s s l < .. t# 

U Ca, Mr), Mg, Ni, C r&£**&*tt«„ * 

tiso&lr*® o - o . s -r 

Iffc, 0. 0 2 — 3 0 pm&W&U\. 0. 0 

5~5 pm##*U\, f 
iraifctiTV&c < fcj£*rt439> 8r.> #« 

[0 0 0 81 r <Mf>:!PX. y**?A*#;UftHJ[,fc« 

y -f :i:?>£»ii a? &$&-f 4 © xtmxm $t%z 
marc em^mm^e^ ■« 

Be, Ag, A K Au, C d, Ga, In, 
S b . Sru Zrt^KMfMfS, cti^O* 
G e v B e , A g , A 1 . A a , C d , G a , I 
n, Sbs Sn, ZnO^^MmcfffS: U\, jf;ft, C 
tifc© 2 l|&J:.0lkfefcfi t * U\> fc<5c, G e, A 
g, AK Cd, In, Sb, Sru Z o«t€?i« 

5 ~ 9 o mm%&!tf s u\ & < i o ~ 8 o mm% 

1ffi£U\ S&JC, 2 0-6 0MM%Wa?£G 
l\> „ #j^&4t©$M g, Fe, Co, N 1, 

tk mo, w%;t/vTtj;v\> cn^o&momm 

t Ut&, 0 - 2 0 mMk%fiWM U- V r Y^i:.^Uv:3 
#ft^$±*S#*&m £<te. Mil, A-fb 

[0 0 0 9] LTti, 8;8.::;/; 

>i i - > yj*#ffli>&n<6. 

- 1 0 Ot/m J n©#BS^Y#*iSU 'IUfctT 
1 0 0 0 ~ 1 8 0 0 t; s #JC*f if; t < 13 0 0 

- 1 7 o o x:te i o a 2 4 mm, U<(«0 

5 mmm > i o r /5ja±©s^i kt? 

a, i: < v-. 1. o o x:/»m:-e^f 'SC u 
2 0 0 •(.:- L fcv ^ 



[0 0 1 03 ^iJ-rbrV^} y^mtLXkL ;K-/V5 

^xfcita, r;vd>\ Mil, *^eo^xe« 

h y <> t 8 P4^iu7' 5 >, t KW4V 

s u :, ^Btiia, i mm- 4 8 t w 

[00 11] n-MWmtr^MXliO, 0 l-4 0 f i 
m?m& tV\, flic, 0 . 0 2 - 2 0 p mfmt t < , 
* fclCO. 0 3 - 5 ,:, m^#fc, m LV\, Ijl^fSfe 

»/8 5iK 

i w#?$u\ mmommmi, *%z.%tu$.v> 
iftrmxm^fzfifmm^^ti^, 

-5„ ^-ffbi^txa, CaS i, C a S i gN Mg 2 S 
i , B a S i i; , S r S i 2 , C u 5 S i > F e S i , F 
e $ 1 3 , CoS !.-,. N I 2 S i , N i S i z , M n $ 
i , MnSi 2 , M o S i 2 , C r S 1 2 , T i S i K , T 
1 s S i 3 , C r a S t , M b S i 2 , N d Si 2 , C e S 
i 2 , S hi S i 2 , D y S i 2 , Z r S 1 2 , WS i s , W ; , 
S i i, T a S ■■ 2 , T a 3 S i 3 , T m S i 2 , T b S 
i 2 , Y b S 1 2 , Y S i 2 , Y S i 2 , BrSi, B r S 
S ; ,, Gd 8 i ; >, P t S 1 , V 3 $ K VS i ; >, H f $ 
i 2> P d S i , P r S i -,, H oSi 2 , E u S i I 
3 S K RtiS i , ReS i , RhS 1 Wffl^Sft 

[oo i 33 ls^-f*ft#»fcLt:, #iiy-ffbti^& 
-immm 1 1 ra, i ? m^mmt^x^mm^ 

^/m^fmmtmmmt bra, is#fe^tifc<i^ 

i , C a , Mg X$>%> C tmm bl\ t < 1C L i ^ 

- 3 0 0 # t mm L < , 0 . 0 1 ~ 5 0 ji 

OlifiK L < , 0 . 0 1 ~ 1 0 n m?mMf & I 

vx mv^visr4{mm^v2*nm&, rxmcti 
l t, i o o - a 2 o ^.)u%mm u\ mvc 2 0 0 

»!loy.f fb»&>';VA O^M^r/i/^ 0 ±Mi« 
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SfeN©S«i l-toto, «|#7l<« 1 0 0 0 p pro&Ttf*? 
to I < , 2 0 0 p p iafit Tmf g I s . 5 0 p p rattT 

^«fe»*u>. m&zxfmwmt lxh, mr 

)Vu-)V%$m * itOX>T ;l/=f to to H ;7to7torto7 T*>^ 
too > c ^Woft^» 7'/i/^-/i/coiiiifc t 

to to, X7 /l-r 7,. xto/C77to~i-/k 3 7 ! I 

K;k;toP:3--/k 2 ■:/ai:»?;W-;K I -to/to 
to/to.?- to. 2 /i/;'/L :> to. t. -7* AST Asa 
~;k l -totototo77tori----;k 2 -tototo/ttotoCrj---- 
to, 3 -^>^;VT;Vn-;kAW*tl\> fc<to, | 

:/d /k 2 ••• -/a /k i :/ 

f-AtTfru /k 2 - r/^/l, T/V:2 /k t-^A/T 

)la-MMm U\ C a g £>8fc&&, *to«?£ t 

v\ -> & p HttKft&js^s mm 

toto^to to Ftootoi ^.£tor<toTFto7to^to;3to -to 

too j. 4i wmrmm&'fjmrmwm, &k 
« > 7— sc <t o ciik k m t tots, ® c 
fcj&W&bvv itoto*77i,toto. t>M7):to, :r;v-3-;v 

Smi x L K v. C 5 to UTlifci^cO^ME^Mti: 
1 «*%«iTt?*S L- < > 0 . i SlitoltoF 
•«Sc >:to,>; 0 # £ U\, |£«B#li«toto < 

awe kL msw>r->t it xm^ <t%c 
tmmu-\ mwm& o. o 1-3 o o ^m*w 

I; I : , 0 . 0 1 - 5 0 fi m&£ 0 L 7 , 0 . 0 1 
toitoCM&to>», K*^OS*Cfcfc#*U\> c 

nmmm. v 4 v turn** b feat**** &t?i6Fs 

mm&v mm-* mic*? 5 * >nm/%itim 

mmmo-ot mmtmnh ntm&smm &n 
xmmmmi (1994) icmmztix^z* 



y»fu\ $r:ym*mmm:mt>m;-, pi-m 
WMs mmtm&$!$<&% z t mm u\ z n ^ too 
^x*,.m mma>^M mmtmmi vcwmtnx 

mmcwMznxv^ mrcM<r>mm&* 1 v <? h.;v 

iiSf 0 1 0 - 5 0 0 g fM t U \ «v a p H i: 

< tog&rs-ft&WA 4-1 3*^*ov\ itoti^a 

i 0 X- 1 0 0 > < to, 2 0 9 5 

P d C 1 2 
to. «a».TjS3^fflT,>6tl*, 

[00 1 el to:. mm$n%>r4moBmtixi&, 

to&toto$,rtoto--to)5 : to <tototoito ,vrtoto-0 :ki to-, fe 

<to, Nto , C u , Ag , C o , Fe , C r , W, T 
to Au, Pi, Ptl, Sn, Zn?mtL\\ t< 
to, N to C u, Ag, Co, F e, Cr, A u, P 
t, Fd, Sn, ZnifSU, to&to, Ni, C 
U s A g , P d , S n , 2 ri *to: < to^rto ttov mmt 

lltoto c c /totok Cto„ iielliawilcjf t 
•:, 1 - 8 0 to to 1 - 5 0 Mll%^to L < , 
-c to 1 3 0MM%^1f to^f* ito\, 

[0 0 17] 7- -to4to-toto^Ctotov C y'/U'rXMO} 

era, vrvjutmmBi&vin^imm-ii t- 

\\ 7: •; to, A 1 2 ()^ S 1 0 ;; , T 10* S I C, $ 

i 3 N 4 *w*tito mm^m-mm^ms mm 

totofto!*:^Xtoto 3 0 0 T7- 1 6 0 0 t:7)|BiltofT7 C 
fc^Sf to L Vto/', #to, 4 0 0 77- i 5 0 0 to, to b 

ic, s o o to - 1 3 o o vfmizwz i\\ mmm 
to, o . 5-24 mmm$ u\ ^m.^^tr^zt 

to, to to, tototo to)toi;to. ztibom&XztW 
etiS 0 ^tototo--;itoto, iifjtoto, jiMto-toS 
to, 7 x 9 b S /K ilL» to £ to < SlCto ito to^* 5 ^ 
V^Sti^ tototo y 7 to to;to'<toj^m 

^totoECtoto, #to, toiSStotototofftotitocfc^W 
to C Vto X4MtcMt to to to 3. * 7 xoMtotoa 2 - 5 

0.1M%O^»W* Cl ^, t < to 3 - 4 0 
Lis, ^^!R0*^l^«^»^^i6n:¥»T-^^ 
0. 0 1~4 0prfflU\ <3 <7to 0. 5 

~ 2 o ji mtm& c to to-7, 3 "-- 3 o n mmm I 
[0 0 18] *«WTfflv>en*s*»Tffltt«ji8a^7 -y 

#ltotoftoto%, ^'5 r^tototo, !f:-to^^>f , 7' 
^ U to- h&«$H% xxf^I^f, # 0 TV y n 
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x h U A,& Etm^ZtlZ* t < (X, HWliif 

4? y r •? y * y r 7 u ;nt n a , # u e^*7 x 

-/k # U fetx/t, If n u K >\ $ U 7* > U )VT 5 h\ * 

y t F p * :> (* ») r '/ y u h , x-i' u > •••• W 

>*««#l*wc>*Mffi* y $ y \> -7 p y 

h\ #U t h77;VOPXf u>\ # y 7 yfc£xU x 
>\ fh77PPXft/> ■ 7 7j X P >' A 

M&*k 7x77X77^77 F-T ^77DC3Jf 1/y 

••- '\^-y- 7 p p -/p h u yimm^ $ u x^ u >, $ 
y :/p x u>\ x u>- • :/p s>x>£--jtf y 

T~ (E P DM) , XXXXfcBPDM, #?7 ex X 7 
■b ^-A4»©n ^ * 9 T i> U U~ h s 2 --xXX-x 
x;..xv ^ u u~ h ®<D (* 7 >j U ;HSxx-r;^ 

7} 7 7 y Xlix Xf A- •••• ?^'Ja-h '.J 
Xx.^X-feX--- HiioH^x^Mttr »4?U H 
x/t/xX7777ygfV#2 X*U>~7#J?xy&3t# 
r^U ax h U /V •••• 7£ 7x >77f i7r», tfUT* 
XXXXxxii^ 7-*nA, I'Jxf t'>4' 
* x F , -i; 5 J X X r A -It y '7 I-- # X$f §i, 4! y x x /f, 

# y >7 77 >i«.. * y ft-ft*- h % y >7 u* >m 

!ix *yxx**m 7x7^« x>^>-» 
f^xrxf ;V7:i > 77r -v7x'- XX. 77xX7s.,. 7- 

>72 777 c tmnm* *Ne# u r 7 u ;«xxt;v 

I^-rrXX, xf/l-iK*XXX-/l/-fe/!/P-X, ;JXJX 
h 9 X Ao* p xf U X , jj? y x y & H x y X 77XP7 & 

C ft* £Dfc#H0^X^#X ^XvXXX 
U\> ft^Xt#UX h>7WOXft/X 
4*y 7 y X>X:X,.l; LVs i:€X^etLfcMW 

wis, fiM*»^»r^^©ii»ii lt© 

<S ©KM t . ) iX.r ©ffi^^^Wf^l 

il)MXT:i;tfM«X: XXXX <X7X <7, M««fc l- 

7h^XoXX:XX;;.7Xo C fc Jt»J: D *R & tlTV^S 

7;Ht«ia^Wxtix 

to 0 1 9] **Micm&&mmmmmt 

(i, 2 -3 0lM%^WtU^ i:<Jx 

ilcLl X\ 7<X, 5-9 0%« t jET* tVX CCXltH 
7lf7;:X^X : ; X)X^;S:4IX y|x§, 

Co 020] 4c%f!'es, y-f^fb^^^Mfb^ 



C fc^XtS. Hftftteii, #»6 2 1 2 2 0 6 6 

$L #fM¥2 •••• 6 6 8 5 6 ^> PI 3 2 4 5 4 7 3 %W 

»2XX 5 ■- 2 9 0 8 4 4 iXcXX^T);^^ 

HiifcAlBiiOjI#», #fIP36 3 -- 2 4 5 5 5#. 
116 3 ■ ? 3 2 8 2 7, [if 6 3 ■ 5 8 7 6 5 <1 . 
6 •• 2 1 2 6 1 7«!^«k;1E««>«*Bl«S«3R*l*k X 

lis™ 1 8 2 e e 4%4mcfmvmmmtm:2 
~D®moQ o 2®immt&xmmov~9%mm 

IX #!M¥ 5 3 0 7 9 5 7 M 5 ~ 3 0 7 9 5 8 

m 7 - 8 5 8 6 2 4. M 8 3 1 5 8 2 0 ^ 

i: V.' XfaftXX 0 XX-X.7X V7x- x^^M 
IX «fW^8 -8 4 5 1 6 §»£i»WIW 
XMIi, <^8XX il9« ItX^, 
■iX, 7 rX7 XXXXXXHf7, 7x7- 

;« x 7 y px h y xiiiiix 7.77 y xxxx-x 

M3irxx«Xii, XX7( 7XX^ ; ^2 0 7 -fe >f« ; Xi EOM 

X 7X7x7 X7i3 7X. EIn-7X XXp x 

IliO 7 77i 77 -XXXXM»Viti^. M#M 

mmmwoja:.mm'm>^ y r ■< x-fex 777 

7^7, 77— XX77y7, Xx^r.777x7\ X 
•v' 7XX77 7\ 777"7"7 -y 7, 2- '^;777 v 9 
Xi.)X- 4X777 :/777 77:777/7 h 1X^77 X!-X 
7 X. Wmm. 7 77a X7-yX. 7X7 ? y^'» 

umt i,x®^x%>m\ 

[0 0 2 1] t < X., #!lj-X 5 1 8 2 6 6 4 77>^^C 
lift, 7 2X7x-OlimoMIs|ffi, ffc. 7 77x- 

x ;; : y x, 7x/-^« 77 y px h y A>mm<m 

%iK 7 7 77 XXxjxrXXriC 7 7 -fe 7#fl^* t 
vx S^Xfc, ^m^XM«W)l>jM»l1fc\*-H:^ 
fclM?aU-\» jR&Jtfcfc. 2- ^^iXX^Xi.xxxx 5 - 
i 9 0 0 U\ t < fc, 2 0 - 5 0 0 M« 

U \, X 6 17 3 0-4 0 0 a7X- *7777 t 
IX it«^ 7>¥K3*7X7' 7 X 1 1 T « 77 775:^ 
O^fflV^ C t®Xt&1A 0 . 0 1-5 0 j« 
L < , 0 . 0 2 - 3 0 m 77 0 «7 <£ L < , 0 . 0 5 - 
5 ja.i77-X7ir.r7v 

Co o 2 2) mmmtLxa, m&^5icmm&m& 
^•i4tifixxc7^xtx ; . wm:imMmm<rM 

1 1 \xm~t g, x-o-4. z&m 
tx, -y y ixxx7 7 jymm^*mm tmm, 
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7 vmrnicmj?* t v x * *,mitt-x* < 

0. OVtfefeSOtoMU x-3. 7?I4, ftO. 05 

VTf^-j/to co^t, ffftl«ittaiftu o. 
o v%m mve® o . s v (My MS 
^ n* ©k:» u o. o 5 v a 

±, < to 0 . 0 8 V «± ( X - 3 - 6 ) X'i£s £} 0 . 

y. ;€«^«H:«±{f tcmmmmmrmtv^j 
mm&mm^tevit* ant, mm%mnm 

%mee, m\m$in&, m »m y<«^»h« 

?t^«©ii^#to-tr^«)^?£^ffi v a fe fc < to, 
0%©WtoAo^fcttoi i £si^«.Eh1-® c fctffcfil; fe 

f o o 2 4] r<fmfc%®<f>immm$bw, xx 
$ frm%^*&nmw~2Mmm* xtm v x t 
fctf. ■s^:.i/tsL\^mBs. xmxm:>Mxx$xx:x 

co 02 5] wmrnx pmmtLt, xmrnxr 
smmmmmm. wmmm, mixmrn, 
mmmx vxxxm, vxxxzit&Evxxx 
%mxm£xxx{mmtmxixx*t% c rj*x*z., 
■imMmcm^mmim&m^mmmc, y * x 

LilMP U fe fe &<fe fc 

co o 2 63 wmmMtmrnmiz u a* 
if >jh«t?* « »#Mitfbtf^ffiv > s tis*\ mix 

y -r • v i»^jra^flfcfl3ft#&£ U fe *?* L < S T 
U V, C r, Mn, Fe. Co, Nl, Mo, W*»6 

mam xx < > 1 ttoarafeftrc* > 

& t i,xns*rtmfc®?&v x. vxxxtmBm 

*)bXlt,Xu. 3 7fe£2. ::<Xi:XfxCXS:» 

l-fefey V, Or-, Mn, Fe, Co, N i fefe;tfefe 

& f»& < 1 fltomftMrc* y * fe 2. .* X t b 

xmt « mkmxh ■> -t, vxxx t w^ikmxxx 

t£& 0 . 3 2 . 2 XitmXh «fe> fc t X W 

mzmmtcMLz o*;w*~-*> 2 mmmmx 

A 1 . G a, 1 n, G«, S n, P b, S L> . B U S 

||£?>4re, Hlt^L l,M0 2 (M = Co, Nl, Fe, 
M n O'MX < t fe HI x = 0 ~ 1 . 2 ) , Sfcfci L i 
v N g 0 4 CH = Mn y ==== 0- 2 ) t^nSXK^ 

IU\ RWfcli, ?.. i x Co0 2 , L i x N i 0 2 , L 
l x Mn0 2 , L l,Co a N ) 0 2 , L i x Co b V 



, b 0 Z , L l x Co b Fe,.. b 0 £ , L l,Mn 2 0 4 > 1- 
l x Mn c Co 2 - c 0 4 s L l x Mn c N i 3 .. c 0 4 , L l x 
M n c V z „ c 0 4 , L i X M n c F e 2 .., c 0 4 (CCtx* 
0, 0 2-1, 2, a - 0 . 1—0, 9, b- 0 , 8~ 

0 . 98, c ~ i . 6 - 1 . 9 6, z=2 . 0 1 ~ 2 . 
3) X&6, 

[0 0 2 71 t?XX £mf$Wmtl i y-M^D 0 a 
(M~ C o , N i , F e , M n < i: fe ! W. 0 - 
Co, Ni, Fe, M in A 1 , I in Cu, M o , A 
g, W, G a, I ik Sik Pb, Sb, S r, B, P 
ff>^OM«?K>^ft < t fe i ft y = 0 - 1 . 2 , a - 
0. 5-1 ) %1^mX Xkli l i z (N„E 3 .. b ) 2 
0. 4 (N~Mn f>Co, HI, Fe, Mn, Al, 
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